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INTRODUCTION 
Mycorrh iza l iVingi i n symbiot ic r e l a t i o n s h i p with p l a n t 
r o o t s , he lp p l a n t s i n a c q u i r i n g minera l n u t r i e n t s from the 
s o i l , e s p e c i a l l y immobile e lements such as P, Zn, and Cu b u t 
a l s o more mobile ions such as S, Ca, K,. Fe, Mg, Mn, CI, Br and 
N (Tinker , 1984) . Mycorrh iza l fungi a l s o i n c r e a s e e f f i c i e n c y 
of mine ra l up take , r e s u l t i n g i n enhanced p l a n t growth in s o i l s 
where such e lements a re d e f i c i e n t o r l e s s a v a i l a b l e , Mycorrhizae 
a l s o have been shown to i n c r e a s e water uptake a n d / o r a l t e r the 
p l a n t s phys io logy t o reduce s t r e s s response to s o i l d rought 
(Parke e t a l . , 1983; S a f i r and Nelsen, 1985) . They a l s o reduce 
p l a n t response to o t h e r s o i l s t r e s s e s such a s high s a l t l e v e l s ; 
t o x i c i t i e s a s s o c i a t e d with mine s p o i l s o r land f i l l s and heavy 
me ta l s (Tinker , 1984) , Mycorrh iza l fungi i n some cases reduce 
the d i s e a s e response to p l a n t pathogens caus ing some morpholo-
g i c a l o r p h y s i o l o g i c a l changes i n the p l a n t (Dehne, 1982) . 
Some mycor rh iza l fungi produce m e t a b o l i t e s t h a t can a l t e r the 
p l a n t s a b i l i t y to produce r o o t s from c u t t i n g s or to a l t e r r o o t 
r e g e n e r a t i o n and r o o t morphology r e s u l t i n g i n g r e a t l y i n c r e a s e d 
a b s o r p t i v e surf&ce a r ea and feeder r o o t l o n g e v i t y (Linderman 
and C a l l , 1977; S l a n k i s , 1973) . Mycorrhizal fUngi a r e known 
a l s o to a l t e r s o i l t e x t u r e by i n c r e a s i n g the e x t e n t of s o i l 
p a r t i c l e a g g r e g a t i o n (Sut ton and Sheppard, 1976) . Mycorrh iza l 
fungi induce i n c r e a s e d phytohormone p roduc t ion ( i . e . c y t o k i n i n s , 
g i b b e r e l l i n s , and e t h y l e n e ) , p l a y i n g a key r o l e by i n f l u e n c i n g 
and regu la t ing the systems in p lants (Allen e_t al_., 1980; 
Barea and Azcon, 1982; Graham e_t al_., 1981; Slankis , 1973). 
One of the major changes in mycorrhizal p lan t s i s reduced 
membrane permeabil i ty pr imari ly due to increased P n u t r i t i o n 
(Graham e t a l . , 1981; Ratnayake ejb a l . , 1978). The decreased 
membrane permeabili ty a f fec t s the qual i ty and quanti ty of root 
exudation (Schwab e t a l . , 1983) which in turn induce a s i g n i f i -
cant response in the rhizospher^ microflora and microf&una, 
Mycorrhizae are divided in to two groups-ectotrophic and 
endotrophic on the basis of s t r u c t u r a l differences (Harley, 
1969). They are a l so d i f f e r en t i a t ed into 5 main groups: 
ec to t rophic mycorrhizae, ves icu la r -a rbuscu la r , orchidaceous, 
e r ico id and arbutoid mycorrhizae; the l a s t four cons t i tu te 
the endotrophic mycorrhizae (Peyronel ejt al_., 1969; Lewis, 1973) 
Vasicular-Arbuscular Mycorrhizae (VAM) are Endogonaceous fungi 
charac ter i sed by the production of both ves i c l e s and arbuscules 
(Mosse, 1973; Callow e_t a_l., 1978), except the genus Gigaspora. 
which ra re ly produces ves i c l e s in infected r o o t s . 
VAM fungi are found associa ted with most angiosperms, 
gymnospenns and ferns (Baylis, 1975; Trappe, 1977). Structures 
produced by VAM lUngi within host roots inc lude: a hyphal 
system contiguous, through i n i t i a l penet ra t ion po in ts , with a 
hyphal network extending^into the s o i l ; . sho r t - l i ved , i n t r a -
c e l l u l a r arbuscules generally thought to function in n u t r i e n t 
t r ans fe r between the symbionts, and enlarged in t e rca l a ry or 
terminal ves i c l e s t h a t appear to function as endophytic storage 
organs (Carling and Brown, 1982). 
The main ef fec t of VA-mycorrhizae infect ion on p lan t 
growth vis the s t imulat ion of phosphorus uptake (Mosse, 1963, 
1973; Gerdemann, 1976) due to explorat ion by the ex terna l 
hyphae of s o i l beyond the root ha i r and phosphorus deplet ion 
zones (Gray and Gerdemann, 1969). In addi t ion , increased P 
uptake in mycorrhizal legumes s t imulates ni trogen f ixa t ion by 
Rhizobium. thus i nd i r ec t ly causing an increase of N concentrat ions 
in the host (Carling e_t a l . , 1978; Schenk and Hinson, 1973). 
Changes in concentrat ions of other elements i . e . S, Zn, Cu, K 
r 
and others in host t i s sues are known to be influenced by VA 
mycorrhizae (Gilmore, 1971; Gray and Gerdemann, 1973; Jackson 
e t a l . , 1973; Lambert e^ a j , . , 1979; Powell, 1975). 
Legumes can form two types of symbiotic assoc ia t ion 
with micro-organisms. One with ni trogen f ixing species of 
Rhizobium and Bradyrhizobium, the other with v e s i c u l a r -
arbuscular mycorrhizal (VAM) fungi, concerned with the uptake 
of phosphorus by the p l a n t s . Glasshouse experiments have 
demonstrated t h a t legumes inoculated with both types of micro-
organisms grow and nodulate b e t t e r and have higher nitrogenase 
a c t i v i t y and phosphorus content than plants t ha t are uninoculated 
or inoculated with e i t h e r root nodule bacter ia or mycorrhizal 
fungi separa te ly (Crush, 1974; Pov/ell, 1976). The p lants with 
both types of symbiosis may a l so be important as pioneer 
colonisers of n u t r i e n t def ic ien t hab i ta t s (Harley, 1973). 
Seed y ie ld , shoot weight, and percentage of P and N of 
nodulated soybean p lan t s grown in P-def ic ient f ie ld s o i l was 
increased by inoculat ion with Glomus fasc icula tus (BagyaraJ 
e_t a l . , 1979). In re la ted greenhouse s tudies on growth of 
soybeans, bean, a l f a l f a and peanut s imi la r r e s u l t s were 
reported (Saf i r et, aj^., 1972; Daft and El-Giahmi, 1975). 
VA mycorrhizae may be influenced by a wide range of 
environmental and edaphic l e c t o r s . Plant growth enhancement 
due to mycorrhizae was generally grea te r in s t e r i l e s o i l than 
in non-s te r i l e s o i l (Gerdemann, 1968), The increased s o i l 
f e r t i l i t y decreases mycorrhizal development and p l an t growth 
response (Daft and Nicholson, 1972; Hayman and Mosse, 1972; 
Khan, 1975). Pfewer spores were recovered from f i e ld s o i l of 
several a g r i c u l t u r a l crops when N or P f e r t i l i t y was optimal 
than when s o i l s were n u t r i e n t de f i c i en t (teyman, 1970; Pfeyman 
and Mosse, 1972). 
In te rac t ions between endomycorrhizal fungi and p lant 
p a r a s i t i c nematodes or soil-boi^ne p lan t pathogenic fungi have 
a l so been repor ted, Mycorrhizal ef fec ts on nematode a c t i v i t i e s 
were usually more pronounced when p lants were preinoculated 
with VAM fungi (Cooper and Grandison, 1985; Thompson e_t a l . . 
1983; Smith, 1987). An increase in the l eve l of host -
res is tance in mycorrhizal wheat to t a k e - a l l disease was a l so 
a t t r i b u t e d to P -nu t r i t ion (Graham and Nenge, 1982). 
Vesicular-arbuscular mycorrhizal (VAM) fungi are a l so 
affected by fungicides, pe s t i c i de s , fumigants and herbic ides . 
The growth of mycorrhizal p lan ts were reduced by benomyl 
fungicide (Boatman ej^ al^., 1978). VA mycorrhizae a l l e v i a t e d 
the de le te r ious ef fec t of the herbicide on p l an t growth when 
applied a t moderate (0.05 mg/ml) but not a t high (0.1 mg/ml) 
doses (Garcia Romera e_t al^., 1988). 
The symbiotic assoc ia t ion of p lants with microorganisms 
are affected by atmospheric p o l l u t i o n . In symbiotic or mutua-
l i s t i c a ssoc ia t ion each component i s benef ic ia l to the other , 
and any adverse e f fec t on one of the components wi l l subsequently 
a f fec t the en t i r e system. Fumigation of seedlings of 'Troyer ' 
c i t range with ozone reduced mycorrhizae in fec t ion and chlamydo-
spore production by Glomus fasc icu la tus (McCool e_t al_., 1979). 
Effect of gaseous a i r po l lu tan t s and simulated acid ra in 
on roots and mycorrhizae has only recent ly received some 
a t t e n t i o n . The ectomycorrhizae have been shown to a l t e r some 
of the e f fec t s of a i r po l lu tan t s through promotion of shoot 
and root growth (Carney e_t aj^., 1978; Garret t e t a l . , 1982; 
Mahoney e t a l . , 1985). Red Oak (Quereus rubi^ L. ) mycorrhizae 
were found to be adversely affected by ozone, sulphur dioxide 
and ac id ic p r e c i p i t a t i o n (Reich e_t al_., 1985). The ves icu ln r -
arbuscular mycorrhizal (VAM) fungi (endomycorrhizae) have 
received l e s s a t t e n t i o n in r e l a t i on to gaseous and heavy metal 
environmental p o l l u t a n t s . 
The toxic substances, responsible for po l lu t ion are 
tenned as " p o l l u t a n t s " . Environmental po l lu t ion i s bas ica l ly 
of three types v i z . , a i r po l lu t ion , vrater po l lu t ion and s o i l 
po l l u t i on . Wood (1968) c l a s s i f i ed a i r po l lu tan t s in to two 
categories based on t h e i r o r ig in i . e . primary and secondary 
a i r p o l l u t a n t s . Primary a i r po l lu tan t s are those t ha t o r ig ina te 
a t the source in a form toxic to l iv ing organisms. Such a i r 
po l lu tan t s may be in gaseous or p a r t i c u l a t e foims. Gaseous 
a i r po l lu tan t s are sulphur dioxide (S0_), oxides of ni trogen 
(NOx), hydrogen flouride (HF), ammonia (NH,), ethylene (Gp^) 
e t c . Ffeirticulate a i r po l lu tan t s are coal dust, cement dust , 
f lyash, suspended p a r t i c u l a t e matter (SPM) e t c . The secondary 
a i r po l lu tan t s are formed through react ions between primary 
a i r po l lu tan t s tha t o r ig ina te from the source e , g . photochemical 
po l lu tan t s l ike peroxyacetyl n i t r a t e (PAN) and ozone (O-r). SO^ 
and NOx in high humid condit ions are converted into acids 
(H2SO. and PiNO,) which f a l l on the ground during atmospheric 
p r e c i p i t a t i o n forming acid ra in (Oden, 1968), 
Pbr the. proper and healthy growth of the p l an t s , c e r t a in , 
ranges of environmental factors l ike water, a i r , l i g h t , tempera-
tu re , humidity, minerals e t c . are necessary. Since over 90% 
biomass of green p lan ts i s derived from atmospheT"* and major 
pa r t s of the p lan t body remain exposed to a i r , the qual i ty 
of a i r i s very important factor for health of the p l a n t . 
Therefore, under pol lu ted a i r there i s r ea l p o s s i b i l i t y of 
a i r - q u a l i t y e f fec ts on p l a n t s . Air po l lu t ion adversely a f fec ts 
plant l i f e d i r ec t ly or i nd i r ec t ly and reduce the y ie ld (Mudd 
and Kozlowski, 1975). 
Gaseous a i r po l lu tan t s e n t e r the leaves through stomata 
and cause in ju r i e s d i rec t ly in the leaf t i s sue or in te r fe re in 
biochemical reac t ions (Pel l , 1979). Pa r t i cu l a t e a i r po l lu tan t s 
l ike s o i l dust , coal dust, cement dust, flyash e t c . mostly 
f a l l and deposi t on the leaf surface and block the stomatal 
c av i t i e s forming a th in encrus ta t ion on the leaf surface . This 
hampers t r a n s p i r a t i o n and checks the transmission of so la r 
r ad ia t ion (Darley, 1966). The acid (H2S0^ and HNO,) e i t h e r 
d i r ec t ly injure the p lan t pa r t s or i nd i r ec t l y through s o i l , 
harm the roo t system. Air po l lu t an t s a f fec t ing physiology and 
biochemistry of the p l an t s , induce v i s ib l e symptoms l ike 
ch lo ros i s , nec ros i s , ear ly senescence, s tunt ing e t c . (Heagle, 
1973, 1982; Agrios, 1988). 
Soil po l lu t ion due to heavy metals l ike Hg, Pb, Co, Cr, 
e t c . through the discharge of i n d u s t r i a l e f f luents and waste 
water has been recognised in many par t s of the world. Flefineries, 
metal smel ters , caus t ic soda i ndus t r i e s , paper m i l l s , pov/er 
p l an t discharges, soap f a c t o r i e s , f e r t i l i z e r i n d u s t r i e s , 
e l e c t r o p l a t i n g uni t s e t c , are mainly responsible for heavy 
metal p o l l u t i o n . Indus t r i a l e f f luen t s , domestic waste mater ia ls 
and sewage water are discharged in to land and r ive r s which may 
>• 
reach to crop f i e l d s . The ef f luents and waste water containing 
a number of toxic substances when r^ach in the rhizosphere are 
absorbed by root and toxic substances accumulated in d i f fe ren t 
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par t s of the p lan t (Westing, 1969). I t i s believed tha t poor 
growth of the p lants grovs-n in such pol luted s o i l might be due 
to re'duce a c t i v i t y of the s o i l micix)flora which are benef ic ia l 
to p lan t growth in addi t ion to the d i r ec t e f fec t of heavy-
metals on the root of the p l a n t . The use of waste water for 
i r r i g a t i o n may ra ise serious problenis for p l a n t s . Cole e t a l . 
(1969) s ta ted tha t po l lu tan t s of th i s kind increase the preva-
lence of root disease and predispose the p lan ts to pathogenic 
damage. 
Acid ra in influences species d ive r s i ty and product iv i ty 
in lakes and streams. The pH of s o i l s , e spec ia l ly those with 
a low buffer capaci ty , may be decreased, and the leaching of 
exchangeable cat ions may be increased, by the addi t ion of 
hydrogen ions from acid p r e c i p i t a t i o n (Callow, e_t al.*» '•978). 
Such changes in s o i l chemistry may a l t e r s o i l microbial 
populations or i nd i r ec t ly a f fec t vegetat ive n u t r i t i o n and 
p roduc t iv i ty . Infect ion and t e l i a formation by Cronartium 
fusifonne on leaves of willow oak seedlings were reduced by 
' r a i n ' of pH 3.2 (Shriner, 1974). This r e s u l t was a t t r i b u t e d 
to physiological changes in the leaves which reduced the i r 
s u s c e p t i b i l i t y to in fec t ion . Generally fungi are l ess sens i t ive 
to acid condit ions than are bac t e r i a . Thus condit ions which 
i n h i b i t nodulation by Rhizobium may not a f fec t colonizat ion 
by mycorrhizal fungi. Rtiizobium nodulation of kidney bean 
grown in a greenhouse or f ie ld p lo t s (Shriner 1974) and soybeans 
grown in a greenhouse (Shriner, 1974; Waldron, 1978) was reduced 
by sulphuric acid r^in of pH 3 . 2 . 
Plant s e n s i t i v i t y to 0^ i s affected by p l an t n u t r i t i o n . 
In a greenhouse, f o l i a r injury of four soybean cu l t i va r s was 
g rea t e s t when a 6-25-15 NPK f e r t i l i z e r was supplied a t moderate 
than a t low or high leve ls (f-feagle e^ a_l., 1973). Some workers 
have reported reduced Rhizobium nodulation, ni t rogen f ixa t ion , 
and/or leghaemoglobin content of legumenous p lan ts following 
1 or 2 acute 0 , exposures in greenhouse or control led environ-
ment chambers (Blum and Heck, 1980; Blum and Tingey, 1977). 
In a greenhouse the number of Rhizobium nodules per p lant and 
the nodule weight per p lan t of Dare soybeans were reduced 46 
and 41% respect ive ly by exposures to 0,25 ppm 0 for 4 hr per day, 
3 days per week, for 11 weeks (Reinert and Weber, 1980). 
Tingey (1978) suggested t h a t a reduction in the amount of excess 
carbohydrates avai lable for t r ans loca t ion to roots would cause 
l e s s energy to be ava i lab le for colonizat ion by N-fixing 
b a c t e r i a . Root colonizat ion by mycorrhizal fungi might be 
s imi la r ly affected by 0 , , 
In India, environmental po l lu t ion due to various kinds 
of i ndus t r i e s , power p lan t s , r e f i n e r i e s and automobiles i s 
quite common. These indus t r i e s re lease SO HF, NOX, NH,, 0^, 
coal dust, cement dust, flyash in the fomi of a i r po l lu tan t s 
and i n d u s t r i a l eff luents and waste mater ia ls containing heavy 
metals in the fonn of s o i l p o l l u t a n t s . A number of crops are 
grown around the indus t r i e s i . e . in the environment loaded with 
various kinds of p o l l u t a n t s . 
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The response of root nodule bacter ia and ves i cu l a r -
arbuscular mycorrhizae on plants growing under specif ic po l lu t ion 
s t r e s se s i s the cen t ra l theme of proposed work. Pulses, one 
of most important group of cu l t iva ted crops of India and major 
source of pro te in for a large vegetar ian population in the 
country, wi l l be se lected as host crops for the proposed s tudy. 
The plan of work would include only glasshouse experiments. 
The system with components-host (pulses) , symbiont-VAM 
fungi and nodule forming bacter ia (Rhizobium) wi l l be su i tab le 
model to a sce r t a in the impact of environmentel po l l u t i on . I t i s 
proposed to study the following aspects for Ph.D. 
1. Effect of SO on crop product iv i ty of mungbean and chick-pea, 
root colonizat ion by VAI^I fungi (Glomus sp . and Gigaspora s p . ) 
and root nodulation (by Rhizobium). 
2. Effect of 0, on crop product ivi ty of mungbean and chick-pea, 
root colonizat ion by VAM fungi (Glomus s p . and Gigaspora s p . ) 
and root nodulat ion. 
3 . Effect of SO - 0, on crop product ivi ty of mungbean and 
chick-pea, root colonizat ion by VAM fungi and root 
nodulat ion. 
A. Effect of s o i l a r t i f i c i a l l y amended with flyash on crop 
product iv i ty of mungbean and chick-pea, root -coloniza t ion 
by VAM fungi and root nodulat ion. 
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5. Effect of treatments (1-4) on phosphorus an(i nitrogen 
contents of leaves , chlorophyll content of leaves and 
pro te in content of seeds . 
LITERATURE REVIEW 
M y c o r r h i z a l f u n g i a r e amongs t t h e m o s t common s o i l 
o r g a n i s m s i n n a t u r a l e c o s y s t e m . S e v e r a l d i s t i n c t s y m b i o s i s 
be tween f u n g i and r o o t s o f h i g h e r p l a n t s a r e g rouped t o g e t h e r 
a s m y c o r r h i z a l a s s o c i a t i o n s . These a s s o c i a t i o n s have s e v e r a l 
f e a t u r e s i n common. The s i n n b i o n t s - t h e f u n g i and p l a n t r o o t 
m a i n t a i n r e l a t i v e l y c o n s t a n t a s s o c i a t i o n . P l a n t r o o t s a r e 
n o r m a l l y i n f e c t e d by the f u n g i , and t h e m y c o r r h i z a l f u n g i a r e 
n o n - p a t h o g e n i c . D i s e a s e symptoms a r e n o t a p p a r e n t a s a r e s u l t 
of i n f e c t i o n and g rowth o f the h i g h e r p l a n t i s f r e q u e n t l y 
e n h a n c e d by the d e v e l o p m e n t o f m y c o r r h i z a l r o o t s . On t h e b a s i s 
o f s t r u c t u r a l d i f f e r e n c e s t h e m y c o r r h i z a l f u n g i a r e d i v i d e d 
i n t o two g r o u p s a s E c t o t r o p h i c and E n d o t r o p h i c m y c o r r h i z a e 
( l ^ r l e y , 1 9 6 9 ) . Lewis (1975) i n h i s m o d i f i e d c l a s s i f i c a t i o n 
d i v i d e d a l l m y c o r r h i z a e i n t o the f o l l o w i n g g r o u p s : 
1, E c t o t r o p h i c m y c o r r h i z a e : S h e a t h ; J ^ r t i g n e t ; No i n t r a -
c e l l u l a r p e n e t r a t i o n o r l y s i s . 
V e s i c u l a r - a r b u s c u l a r 
m y c o r r h i z a e 
No s h e a t h ; E x t r a m a t r j c a l hyphae ; 
I n t r a c e l l u l a r v e s i c l e s and 
a r b u s c u l e s ; L y s i s , 
E r i c o i d m y c o r r h i z a e S h e a t h rai^e; j^xtr^ma t e r i c a l 
hyphae ; I n t r a c e l l u l a r c o i l s ; 
L / s i s . 
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4. Arbutoid: Sheath; No har t ig net ; I n t r a c e l l u l a r haustorin; 
L y s i s . 
5, Orchidaceous : External hyphae; I n t r a c e l l u l a r c o i l s ; Lysis . 
Vesicular-Arbuscular Mycorrhizal (VAM) fungi 
VA mycorrhizae occur in most angiospeniis as well as in 
some gymnosperms, pteridophytes and bryophytes. VA mycorrhizae 
i s absent only from a few plant famil ies , mainly those which 
form only ectomycorrhiza (Pinaceae, Detulaceae) or the two 
specific^ types of endomycorrhiza (Er ica les , Orchidaceae). 
Gerdemann (1968) l i s t e d 14 families which are believed to have 
l i t t l e or no mycorrhizae including the Cruciferae (Brassicaceae) 
Chenopodiaceae, Caryophyllaceae, Polygonaceae, Juncaceae and 
Cyperaceae, 
Vasicular-arbuscular mycorrhizal (VAM) fungi are obl igate 
symbionts and character ised by i n t r a c e l l u l a r infec t ion within 
the root surface and bring about l i t t l e or no change in 
externa l morphology of the infected r o o t s . These fungi are 
c l a s s i f i e d in the family Endogonaceae of the order Endogonales 
in the c lass Zygomycetes. Gerdemann and Trappe (1974, 1975) 
have recognised the following five genera which form symbiotic 
assoc ia t ion with p lan t r o o t s . 
1. Acaulospora 2 . Endogone 3 . Oip;aspora 
4. Glomus 5. Sclerocyst i s 
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Each genus has many species which are found in d i f fe ren t 
hos t s . Giffflspora and Acaulospora produce azy^josporanijia 
containing azygospores and are found free in s o i l . Glomus and 
Sclerocyst is appear to be quite s imi l a r . Glomus i s the l a rge r 
of the two genera and contains forms tha t produce chlamydospores 
e i t h e r free in s o i l or in sporocarps. The assoc ia t ions of 
these fungi with p lan t roots forming endotrophic mycorrhizae 
were f i r s t described by Janse (l897) and Gallaud (1905). Since 
then several other workers have described the VA mycorrhizal 
associa t ion as in the family Gramineae ( Poaceae), onion,bean 
roo t s , clover, rye grass , p o i n s e t t i a , soybean, banana e t c . 
(Nlcolson 1959; Cox and Sanders, 1974; Ilolley & Peterson, 1979; 
Tisdal and Oades, 1979; Barrows and Roncadori, 1977; Schenck 
and Hinson, 1973; Iyer Rohini et_al_., 1988). Several hosts 
have a l so been examined u l t r a - s t r u c t u r a l l y as yellow poplar 
(Kinden and Brown, 1975, 1976), bean (Holley and Peterson, 
1979), onion (Gianinazzi e_t a a . , 1979). 
Mycorrhizal fungi e x i s t in s o i l as spores or as vegetat ive 
propagules in root fragments and VA infect ions are i n i t i a t e d 
following contact of a hypha o r ig ina t ing from any one of these 
s t ruc tu res with a su i tab le host root and formation of an 
appresorium followed by penet ra t ion tlirough or between epidermal 
c e l l s , or by d i r e c t penetra t ion without appresorium formation. 
All the three modes of penet ra t ion are observed in soybean. 
Penetrat ion between epidermal c e l l s following appresorium 
development i s the most frequent means of i ng re s s . After 
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penetra t ion of the epidermis, fungal development i s r e s t r i c t e d 
to the root cor tex , In ter -and/or i n t r a c e l l u l a r hyphae develop 
from the po in t of penetra t ion, a t a grea ter ra te longi tudina l ly 
than in a r ad i a l or c i rcumferent ia l d i rec t ion (Cox and Sanders 
1974; Kinden and Brovm, 1975). After penet ra t ion , arbuscules , 
highly branched, haustoria l ike s t ruc tu re s , develop within the 
inner most c o r t i c a l c e l l s surrounding the c o r t i c a l cy l inder . 
They are considered to be the most probable s i t e s of nu t r i en t 
exchange betv/een the symbionts - the fun/;jus and the roo t . As 
arbuscular development begins, a dramatic inci^ease in the 
volume of cytoplasm and host nucle i occurs with increasing 
maturi ty, the cytoplasm within the arbuscules becomes highly 
vacuolated and individual or port ions of the branching system 
c o l l a p i e . Deter iora t ing por t ion of arbuscular system aggregate 
in to dense clumps. The period over which tlie arbuscules remain 
s t r u c t u r a l l y and functionally i n t a c t i s quite shor t , ranging 
from ^ 1 5 days (Bevege and Bowen, 1975; Cox and Tinl^er, 1976). 
Development of the mycorrhizal s t a t e involves l i t t l e 
obvious change in root morphology. In some plants yellow 
pigmentation accompanies root colonizat ion, and the endodeimis 
may become thickened. Generally development of endomycox'rhizae 
r e s u l t s in loss of root ha i r s , but no external fun^;al mental 
forms except for the r e l a t i v e l y sparse external hyphae tha t 
occur a t the rhizoplane and extend out into the s o i l . 
Nut r i t iona l s t a tus of VA mycorrhizal p lants i s a l t e r ed 
by a c t i v i t i e s of mycorrhizal root system. When avai lab le 
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phosphorus leve ls in the s o i l are low, VA infect ions s t imulate 
s ign i f i can t increase in P uptake, r e su l t i ng in dramatic 
increases in host growth (Gerdemann, 1968; Mosse, 1973). Change; 
in concentrat ions of other elements i . e . S, Zn, Gu, Sn and 
others are a l so known to be influenced by VA-mycorrhizae 
(Gilmore,1971; Gray and Gerdemann, 1973; Jackson e t al,, 1973; 
Lambert ejb a^.., 1979), but these changes are l e s s dramatic 
than those in P. Hyphae extending in to the rhizosphere from 
infected roots increase the ef fec t ive P absoi^bing surltice of 
the root by explorat ion of a la rger volume of s o i l than i s 
accessable to non-mycorrhizal r o o t s . The add i t iona l surface 
area and the d i s t r i bu t i on of P-absorbing s i t e s on the hyphae in 
the s o i l v/holly account for the super-ior absorbing c a p a b i l i t i e s 
of VA mycorrhizal r o o t s . 
.^.Translocation of absorbed P within hyphae to the host 
i s quite rap id . Signif icant concentrat ions of •^ '^ P in both root 
and leaf t i s sues of onion only 2 days a f t e r in jec t ion of the 
is tope in to s o i l 3-5 cm from mycorrhizal roots were recovered 
by Rhodes and Gerdemann (1975). Callow e_t al_. (1978) proposed 
a scheme tha t absorbed phosphc'^te i s convertec] by the fungus to 
polyphosphate which i s then t rans located , as vacuolar granules, 
to components of the fungus within root t i s sues where i t i s 
subsequently degraded and made avai lable foi- t r ans fe r to the 
host p l an t . I t was a lso supported by Cox e_t a]^. (l975) and 
White and Brown ( l979) . 
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Mosse (1975) observed tha t the a b i l i t y of VA fun^.i to 
colonize host roots i s generally suppressed or eliminated i f 
high levels of P are pr-asent in the s o i l . Studies of Menge 
e t a l . (1978) and Sanders ( l975), however, shov;ed tha t i t i s 
not P leve ls but r a the r concentrations of P within the host 
tha t cause the i n h i b i t i o n . Graham e_t a2_. ( l98 l ) s t ressed tha t 
a l t e r a t i o n s in root c e l l membranes and corresponding changes 
in root exudation, regulated by P levels in the host, i s 
responsible for the P i nh ib i t i on phenomenon. 
The physiological changes tha t accompany the dovelopm-^nt 
of mycorrhizae, coupled with the chemical and physical impact 
of the fungal symbiont hyphae in surrounding s o i l , r e s u l t in a 
very d i f f e ren t p o t e n t i a l in the rhizosphere . For th i s reason, 
Rambelli (l973) suggested the term " Mycorrhizospliere" used to 
describe the s o i l surrounding and influenced by mycorrhizae. 
Extramatrical hyphae tha t extend out some distance from the 
host t i s sues in to the s o i l (Graham e_t a_l., 1982; Rhodes and 
Gerdemann, 1978) have a profound effect on the s o i l microf lora . 
I t has been shown tha t ex t ramatr ica l hyphae of VA mycorrhizal 
fungi exude substances tha t cause s o i l and organic fract ions 
to aggregate (Sutton, and Sheppard, 1976). Microorganisms 
f lour i sh in the aggregates, and fungi, bac te r i a , actinomycetes, 
and algae (including cyanobacteria) have been i so la ted from 
them (Forster and Nicolson, 1981). 
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Air po l lu t ion and i t s effects on plants 
^ The atmosphere surrounding the urban and i n d u s t r i a l 
regions of the world contains a mixture of chemicals commonly 
cal led as a i r p o l l u t a n t s . Many a i r po l lu t an t s are toxic to 
p l a n t s . The four most important of these in the order of t h e i r 
phytotoxici ty are ozone ( 0 , ) , sulphur dioxide (SOp), ni trogen 
dioxide (NO^) and ammonia (NH,). 0, alone or in combination 
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with SOp and/or N0„, i s responsible for upto 90% of the crop 
losses in, some cases (Heck e_t a^ .** 1982). Consequently, these 
phytotoxic a i r p o l l u t a n t s , alone or in mixtures, are of grea t 
concern to a g r i c u l t u r a l s c i e n t i s t s . Air po l lu t an t s causing 
damage to p lan ts have a lso been ca l led p lan t pathogens (Wood, 
1968). They injure p lan t fo l iage , s i gn i f i can t ly a l t e r t h e i r 
growth and y ie ld and change the qua l i ty of the marketable p lan t 
products . The a i r po l lu tan t s a lso increase or decrease the p lan t 
diseases caused by b i o t i c p lan t pathogens (Heagle, 1973, 1982). 
Air po l lu t ion i s analogous in many ways to the p lan t disease 
(Pe l l , 1979). Broadly the a i r po l lu tan t s are of two types 
(Wood, 1968). 
1, Primal^- po l lu tan t s 
2 . Secondary po l lu tan t s 
Primary po l lu tan t s o r ig ina te a t the source in a form 
toxic to p l a n t s , e . g . SO^, NOx, HF, NH ,^ CO, CO ,^ e t c . Secondary 
po l lu tan t s are the r e s u l t of reac t ions between po l lu tan t s 
o r ig ina t ing from the source and o ther atmospheric factors e . g . 
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peroxyacetyl n i t r a t e (PAN), 0 , , acid r a i n . On the basis of t h e i r 
physical appearance, the a i r po l lu tan t s can a l so be grouped in to 
two categories-gaseous and p a r t i c u l a t e . Tt\e most common gaseous 
a i r po l lu tan t s in jur ious to p lan t s are 0 , , PAN, S0„, CI , C„f^, 
HF, HpS, NOx, e t c . and the major pa r t i cu l a t e a i r po l lu tan t s are 
coal diist, f lyash, cement dust , s o i l - d u s t p a r t i c l e s e t c . Some 
primary a i r po l lu t an t s i . e . NOx, SOp released in to the atmosphere, 
when come in contact with the water and atmospheric p r e c i p i t a t i o n 
are converted in to the acids and fcill down. This condit ion of 
environmental po l lu t ion i s ca l led as ' ac id r a i n ' (Likens and 
Bonnan, 1974), Acid r a in i s the most acute a i r po l lu t ion 
problem in developed countr ies while in developing countr ies 
acid r a in problem i s not so ser ious (Das, 1986). In India, 
40-449^ of a i r po l lu tan t s are p a r t i c u l a t e matters and these are 
extremely troublesome posing a grea t t h r e a t to p lan t s and other 
l i v ing beings (Das, 1986). 
The extent and nature of injury or damage caused by a i r 
po l lu t an t s i s determined by genetic and environmental factors 
of p lant as well as by level and duration of exposure to po l lu -
t a n t s . The term ' i n j u r y ' and 'damage' ai^e often used i n t e r -
changeably (Guderian e^ al_., i960) . The l iv ing inducers of 
diseases are general ly ca l led as 'pathogens' by many pa tho log i s t s . 
But diseases induced by ab io t i c factors e . g . a i r p o l l u t a n t s , 
drought, extremes of temperature e t c , have many features in 
common with those induced by bio t i c pathogens. Cowling and 
Horsfal l (1979), therefore , used the term 'pathogen' to denote 
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any inducer of d i sease . The po l lu t an t s a f fec t physiology and 
biochemistry of p lan t s r e su l t i ng in the v i s i b l e symptoms l ike 
ch lo ros i s , nec ros i s , ear ly senescence, s tun t ing and several 
others abnormali t ies depending upon the type of a i r pol lutant , 
involved (Earley and Middle ton, 1965; Brandt and Heck, 1958b; 
Barret and Benedict, 1970). 
Sulfur^dioxide (SO^) 
Sulfur dioxide i s one of the most important a i r po l lu t an t 
and i s pathogenic to p l a n t s . I t i s emitted mainly through the 
combustion of f o s s i l fuels l ike coal and petroleum. 
I t s concentrat ion a t ground leve l depends upon the 
amount of emission, distance from the source and meteorological 
and topographical condi t ions . In general , SO concentrat ion 
decreases rapidly with distance from the source and with 
increased a i r movement. SO concentrat ion may be high as 1-3 
ppm, near point sources, such as coal burning power p lants and 
smel te rs . In large urban a reas , SO concentrat ion may range 
from 0.05 - 0.40 ppm (Heagle, 1973). 
SO enters tlirough the stomata in the mesophyll t i s sue 
of the leaves and reac t s with water to produce su lphi te ion 
which i s slowly oxidized to sulphate ion. The sulphate ion 
may then be u t i l i z e d by the p l an t as n u t r i t i o n a l sulphur and 
converted to organic form (Thomas e_t al_., 1944). The sulphi te 
ions a r e , however, about 30 times more toxic than the sulphate 
ion (Thomas e_t a l . . 1943), when present in excessive amounts. 
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Chronic and acute markings appear depending upon the accumulation 
of sulphi te ions (Barre t t and Benedict, 1970), The chronic 
type of markings are general ch lor o t ic appearance of the leaf, 
mild ch lo ros i s , yellov/ing of leaf, s i l ve r ing and bronzing of 
the undersurface. Acute injury r e su l t i ng from the absorption 
of l e t h a l quan t i t i e s of SO^ appears as marginal or i n t e r c o s t a l 
areas of dead t i s s u e . The areas a t f i r s t show a grayish-green 
water-soaked appearance but on drying become bleached ivory in 
c o l o u r , ' The brown, red or black colours may be dominated. 
After a period of time, the dead or necrot ic a reas may f a l l out 
leaving a very ragged appearance on the leaf , \^ fhen the major 
por t ion of the leaf i s so injured an absc iss ion layer often 
forms a t the base of the pe t io le and leaf i s shed (Barret t and 
Benedict, 1970), I t causes chlorosis of leaves without formation 
of necrot ic les ions and the veins c h a i ^ c t e r i s t i c a l l y remain, 
green (Darley and Middle ton, 1966; Agrios, 1988). Generally 
SO reduces net photosynthesis in a l l p lants a t a l l concentra-
t ions but dark r e sp i ra t ion and t r ansp i r a t ion are increased, 
SO a f fec t s enzyme systems and metabolic processes in 
many p l a n t s . These changes are dependent on SO concentrat ion, 
p lan t species , p lan t age and environment. In some cases, enzyme 
a c t i v i t y i s increased by exposure of the plants to low levels 
of SO and decreased by higher concentrat ions (Horsman and 
Wellbum, 1977; Solda t in i and Ziegler, 1979; Wyss and Brunold, 
1980; Pier re and Queiroz, 1982; Tanaka et^ aj^., 1982). Plant 
metabolism i s affected by 30 in a va r ie ty of ways, SO^ 
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s t imulates phosphorus metabolism (Plesnicar , 1983) and reduces 
fo l i a r chlorophyll concentrat ion (Pandey and Rao, 1978; 
lauenroth and Dodd, 1981). Carbohydrate levels are increased 
by low concentrat ion of SO and decreased by higher concentra-
t ions (Kozoil and Jordon, 1978), 
Due to the effects of SO on physiology and biochemistry 
of p lant , growth, development and product iv i ty are a l so affected 
s i g n i f i c a n t l y . The ef fec ts of SO both in glasshouse and 
ambient a i r were studied by severa l workers. In the open top 
polythene chambers, wheat p lan ts were exposed to 0.8 ppm S0„ 
2h daily for 60 days, although no chlorosis or necrosis in 
t h e i r leaves developed a t any stage of t h e i r growth, reduction 
in root and shoot lengths , number and area of leaves per p lan t , 
biomass, p roduc t iv i ty , number of grains per spike were reported 
(Pandey and Rao, 1978). In an exposure of 0.1 to 0,6 ppm SO 
upto lOOh, the wheat p lant was l e s s t o l e r a n t than maize and 
differences in s e n s i t i v i t i e s among c u l t i v a r s were observed 
(Laurence, 1979). \'(hen the soybean was exposed to 0.09 to 0.79 
ppm in a open a i r fumigation chamber, v i s i b l e injury was not 
observed frequently while the reduction in the y ie ld was found 
s ign i f i can t ly (Sprugel e_t a l , . , 1980). In groundnut, exposed to 
SOp ranging from 0.06 to 1.00 ppm for 4h dai ly for 6 weeks, the 
necrot ic les ions and reduced net primary product iv i ty were noticed 
a t 0,25 ppm concentrat ion and above. Below 0.25 Ppm concentra-
t ion , SOp was s l i g h t l y benef ic ia l to the p lan t p roduc t iv i ty . 
Sulphur content of p lan t increased while ni t rogen and phosphorus 
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contents decreased with increasing concentrat ions of SO^ 
(Mishra, 1980). In a l f a l l ^ exposed continuously to 0.036 ppm 
concentrat ion of SOp, s l i g h t increase in biomass was reported 
(Lockyer and Cowling, 1981), while the biomass and y ie ld of 
a l l the plant par t s of snapbean were adversely effected above 
0.1 ppm concentrat ion of SOp for 12h per day t i l l 3 days per 
week (Saxe, 1983b), Tomato p lan ts exposed to 0.12 ppm concen-
t r a t i o n of SO for 72h per week for 5 or 10 weeks showed s l i g h t 
decrease in ascorbic acid of r ipe f r u i t but no e f fec ts were 
noticed on f r u i t y ie ld and other soluble and t o t a l so l id 
contents (Lxststein e_t a_l., 1983). Tobacco p lan ts were found 
more t o l e r a n t to 0,02 ppm concentrat ion of SOp than cucumber, 
t r ea ted continuously for 21 weeks. The dry weight of the p lan ts 
was reduced, roots were more affected than the shoots and the 
flowering was a l so affected markedly (Mejstrick, 1980). 
Ozone (0 , ) 
Ozone i s the most important plant pathogenic component 
of photochemical oxidant a i r po l lu t ion . Exhausts of automobiles 
and other i n t e rna l combustion engines are probably the most 
important sources of ozone and other phy to toxic p o l l u t a n t s . 
Incompletely burned hydrocarbons and NOp are re leased into the 
atmosphere by the automobile exhaust. In the presence of UV 
l i g h t , this, NOp reac t s with ox>'gen and fomis 0, and NO. The 
ozone may reac t with NO to fonn the o r i g i n a l compound. But in 
the presence of unburned hydrocarbons tlie NO I'eacts with 
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hydrocarbons instead of ozone and therefore , the 0^ , i s re leased 
in the atmosphere (Agrios, 1988), The na tura l ly produced 0, 
concentrat ion a t ground leve l i s generally less than 0,03 ppm. 
Ozone en te rs through stomata in leaves, where i t 
accumulate in the pal isade layer causing the bleaching or 
d iscolora t ion and the collapse of pal isade c e l l s . 0 , a f fec ts 
pr imari ly expanding leaves, but not very young or old mature 
leaves , 0, causes t i p p l i n g , mott l ing and chloros is of the 
leaf , usually on the upper leaf surface . The colour of the 
affected leaves va r i e s from l i g h t tan to red or almost black, 
depending upon the p lan t a f fec ted . Affected leaves of some 
p lan ts such as c i t r u s , grapes and pines drop prematurely 
(Darley and Middleton, 1966; Agrios, 1988), P lan t response to 
0 i s , however, dependent on various environmental factors 
(Hack, 1968; Ting and Dugger, 1968), 
The most common symptom on many deciduous t r e e s , shrubs 
and some herbaceous plants i s local ized thickening and pigmen-
t a t i o n of the c e l l walls r e su l t i ng in sharply defined small dot-
l ike coloured les ions (Ledbetter e_t a_l., 1959), Generally 
the in t e rve ina l region i s injured, so les ions are usually 
angular in shape. The veins are usual ly not affected except 
in p lants wiiere pigment formation takes p lace . Pigment forma-
t ion can produce on overa l l colourat ion of the upper leaf surfcice 
when the les ions are dense (}feck ejt a^l,., 1970). Small 
unpigmented necro t ic spots or more generally upper surface 
bleachiijig i s a common type of injury on most of herbaceous and 
25 
many woody plants (Ledbetter e_t al_., 1959), When the injury 
becomes more severe than upper ejddemial cel ly coiJapse and 
become co lour l e s s . A shiny o i ly or waxy appearance of the 
upper leaf develops in some p lan ts during; the 0, exposure. 
These symptoms disappear a f t e r the termination of the e>:posure. 
A water-soaked appeartince often develops follov/ed by drying and 
bleaching which r e s u l t s in typ ica l b i f ac ia l necrosis within 
one or 2 days (Heck et_al_., 1970). Epidennal c e l l s remain 
uninjured while the palisade c e l l s and spongy mesophyll become 
in jured. Many injured ce l l s remain a l ive but ch loroplas t i s 
disrupted and the chlorophyll amount is reduced s ign i f i can t ly 
(Hi l l e t a_l., 1961), Chlorotic mott l ing or ch loro t ic flecks 
are common symptoms on p ine . Alfcilfci develops large l i g h t green 
ch loro t ic areas v.-ith many i r r e g u l a r is lands of normal green 
t i s sue dispersed in them. In some plants the t i s sue eventually 
becomes uniformly ch loro t ic and leaves may drop prematurely 
(Ledbetter e_t a l . , 1959). 
Todd (1958) and Todd and Probst (l953) measured the 
e f fec t of ozone a t A ppm for UO min. on photosyntiiesis and found 
t h a t development of symptoms were associated with inh ib i t ion of 
CO f ixa t ion . ItLll and L i t t l e f ie ld (1969) noticed not photo-
synthesis decrease when p lants were exposed to 0.06 ppm concen-
t r a t i o n of ozone for 1h. Pel l and Brennan (1973) obsei^ed tha t 
in p in to bean net photosyntliesis i n i t i a l l y decreased and t o t a l 
adenylate concentrat ion increased a f t e r a 3h exposure to 
in jur ious concentrat ion of 0 , . Net photosynthesis , however. 
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returned to normal within 24h. A s ign i f i can t increase in 
r e sp i r a t i on of pinto bean leaves when exposed to 4 ppm for 
40 min., was reported by Todd (1958). Mac Dowall (1965) found 
t h a t during the f i r s t hour a f t e r ozone exposure a t 0,7 Ppm, 
the r e sp i r a t i on v/as inhib i ted before the v i s i b l e symptoms 
appeared; the r e sp i ra t ion increased only l a t e r , when v i s i b l e 
symptoms had appeared. • Hi l l and L i t t l e f ie ld (l969) observed 
decrease in the rate of t r ansp i r a t i on a t 0.06 ppm concentration 
exposure for 1h. The su^ar and s tarch content of the ash root 
decreased when exposed to 0,5 ppm concentrat ion 0, for 8h 
(Jensen, 1981). In a study Blum e t aj^, (1982) found tha t 0, 
a-t 0,1 ppm concentrat ion increased the mineral content except 
the Na in ladino c lover . 
Ozone ef fec ts on the growth, biomass and product iv i ty 
of several crops have been showed in both' ambient as well as 
in glasshouse condit ions (Heck e_t a_l_., 1986). Ozone i s reported 
to cause various types of damages in a number of crops l ike 
tomato, pota to , pepper, sunflower, soybean, snapbean, clover 
e t c . Ozone in the ambient condit ion was found to cause 
reduction in the tomato y ie ld and nssponsible for 85% of reduced 
f r u i t size (Oshima e t al_., 1977a, 1977b), Tomato cv. Tiny-Tim 
when exposed to 0,08 - 0,10 ppm concentrat ion of 0, for 5h/day 
for 5 days in a week t i l l 5 days, 56;o i^eduction in f ru i t number 
and 91% reduction in f r u i t weight were observed (Manning and 
Feder, 1976). At the seedling s tage , 0.4 ppm concentrat ion 
exposure of 0, for 2h, repeated for 6 time when t ransplanted 
in f ie ld , showed 57% reduction on the sens i t ive cu l t i va r s of 
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tomato (Henderson and Re i n e r t , 1979). In the pota to , ambient 
0 , caused 60?6 leaf injury and 25/s y ie ld loss in cv. Norland and 
31% loss in cv, Norchip, Cul t ivar Norland produced smaller 
tuber and cv. Norchip fewer tubers (Clarke e t a_l,., 1983). 
Ozone a t 0.2 ppm concentitit ion for 3h a t several growth stages 
of potato in glasshouse decreased tuber weight and t o t a l so l ids 
but reducing sugars were increased (Fell e_t ai*» 1980), Ozone 
a t 0.12 and 0,20 ppm concenti^ation for 3h a t 3 tiiiios per week 
reduced root, stem and leaf dry matter of pepper. The reduction 
was 16% a t 0,12 ppm and 5A% a t 0.20 ppm in t o t a l f ru i t dry 
weight (Bennett et. a]^., 1979). A decrease of 32% and A6% in 
root dry matters occurred in ca r ro t cv. In cv. Acala SJ-2, 
a s ign i f i can t reduction in biomass and bo l l production was 
recorded, when exposed to 0,20 ppm concentrat ion of 0, for 6h 
twice a week. In one case t h i s treatment s t a r t e d a t the age of 
8 day and other a t 40 days age . Number of bo l l produced was 
reduce by 48% (Oshima e_ta_l_., 1979), Mien sunflower was ti-^ated 
with 0,1 and 0,2 ppm concentrat ion of 0., for 12 days from the 
14 days of age, 11% and 32% reduction in p lan t dry weight was 
observed. Due to 0, exposure the roots were moi'e affected than 
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shoot (Shimizu e_t al_., 1981), But when soybean exposed to 
0.022 and 0.112 ppm concentrat ion of 0, for 7h/day in the f ie ld 
39% reduction in y ie ld and 12.6% reduction in o i l content of 
the seeds were obser^ved. Protein content of seeds, however, 
were not affected (Greenwald and Undress, 1984). When snapbean 
exposed to 0,30 and 0,60 ppm concentrat ion of 0, for 1,3h, two 
time a t 6 d i f fe ren t growth s tages , reduction was found in the 
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grov/th ra te and pod production (Blum and Heck, 1980), Induction 
in the shoot and root growth oT clover cv. Ladino was observed 
a t 0.3 and 0.6 ppm concentrat ion of 0^ t r ea ted for 2h a t 4 
d i f fe ren t s tages of growth (Letchworth and Blum, 1977). In a 
study when clover was exposed to 0.03, 0.06 and 0.09 ppm 
concentrat ion of 0-, for 7h/day in the season for two years in 
the f ie ld condit ion, 14?^  and 27/o reduction in forage regrowth 
a t 0.06 and 0.09 ppm conditions respect ively occurred during 
the second year (Blum e_t al^., 1983a). At the 0.03, 0.10 and 
0,15 ppm concentrat ions , the maxim\im root reduction {h?%) and 
shoot reduction {2h%) in the clover v;ere obsei-ved when exposed 
for 4h/day for 6 days, 32 days a f t e r seedling (Blum e t a 1 . , 1983b) 
Particulate a i r pollutants 
The major part of a i r po l lu tan t s are p a r t i c u l a t e mat te r s . 
The major p a r t i c u l a t e a i r po l lu tan t s are coal dust, flyash, 
lime dust, cement dust, s o i l dust p a r t i c l e s e t c . Important 
sources of pa r t i cu l a t e s are production of coal , cement, combus-
t ion of coal , gasoline and fuel o i l , lime ki ln operation; 
inc inera t ion and s o i l erosion, a g r i c u l t u r a l burning and wrong 
a g r i c u l t u r a l p rac t i ces ; volcanic e r rupt ions , t r anspor ta t ion 
and construct ion e t c . In developing countr ies , pa r t i cu l a t e 
a i r po l lu tan t s are tlte m.ajor problem, and are not no important 
in developed countr ies (Das, 19S6). In India 40-Vt';o a i r 
po l lu tan t s are of pa r t i cu l a t e type. 
Pa r t i cu l a t e matters s e t t l e on p lan t par t s and cause 
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severe damage to the p l a n t s . They cause ch lo ros i s , necrosis 
and death of the t i s s u e , v/hen the heavy deposit ion of the 
p a r t i c l e s occurs . Many p a r t i c l e s are by-products of a g r i c u l t u r a l 
p rac t i ces and are usually i n e r t (Darley and Middleton, 1966; 
Heck, e t a l , . , 1970). 
Colwill e_t aJL_. (1979) observed deposits on ttie leaves 
of the p lants grov/n along the road-side with highly busy t r a f f i c . 
Such plants showed poor growth. There have been numerous 
repor t s that dust of varying or ig in in t e r f e re with stoma t a l 
functioning mostly by f i l l i n g and blocl:ing the stomatal aperture 
(Ricks and Williams, 1974; Fluckiger e t aj^., 1976, 1979); 
increase leaf temperature (£ l l e r , 1977; Fluckiger e_t a_l.,l978) 
and t r ansp i r a t i on (Beasley, 19*^2; i^veling, 1969); reduce photo-
synthesis (Darley, 1966) and increase the upt'die of gaseous 
a i r po l lu tan t s (Ricks and Williams, 1974). All these ef fec ts 
eventually r e su l t s in to poor growth of suffering p l a n t s . 
Effects of gaseous a i r po l lu tan t s and heavy metal po l lu tan t s on 
miC3?oorganisms 
Microbes and v i ruses are r ec ip i en t s of, and responders 
to atmospheric po l lu tan t s (Babich and Stotzky, l978b). Atmospheric 
po l lu tan t s may adversely a f fec t the generation time of bac te r i a , 
spore germination, mycelial p r o l i f e r a t i o n , f ru i t ing body 
formation and spore production by fungi, microbial resp i ra to ry 
a c t i v i t y , photosynthesis of cyanobacteria, algae and l ichens ; 
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nitrogenase a c t i v i t y of microbes Involved in dinitrogen f ixa t ion , 
and v i r a l I n f e c t i v l t y . Rirthermore microbial a c t i v i t i e s such 
as n i t r i f i c a t i o n , d e n i t r i f i c a t i o n , l i t t e r decomposition and 
minerallEation of carbon, ni t rogen and phosphorus and in te rac t ions 
such as host p a r a s i t e , host sapixjphyte and mutualism are often 
adversely affected by atmospheric po l lu tan t s (Babich and 
Stotzky, 1974, 1978b). 
Soil i s a major sink for the removal of many gaseous 
p o l l u t a n t s . The removal of some po l lu tan t s by s o i l i s repoi'ted 
e .g . sulphur dioxide, ni trogen dioxide,ozone and ammonia 
(Fferenbaugh e_t al . , , 1979; Abeles e_t al_., 1971; Turner e t a l . , 
1973; Malo and Purvis , 1954), I t appears to be by ab io t i c 
process . Microorganisms in s o i l s may a l so be minor sink for 
the removal of atmospheric sulphur dioxide, as some fungi 
i so la t ed from s o i l , e .g . species of A l t e m a r i a , Penici l l lum, 
Chaetomium. Colletotrichum. Trjchoderma, Rhizopus and Risari\im 
oxysporum, were able to remove sulphur dioxide from the 
atmosphere (Cmleer and Fanning, 1974). The removal oT atmos-
pheric SO and ammonia by s o i l i s predominantly an ab io t i c 
process , once these gases come in to contact wi t.h the s o i l 
so lu t ion , they foiTn soluble products which may be u t i l i z e d by 
the microbiota. 
Microorganisms are a l so involved in another aspect of 
a i r po l lu t ion i . e . po l lu t an t tranr,formation. Indus t r i a l and 
demestic a c t i v i t i e s emit large quan t i t i e s of non-gaseous. 
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Inorganic po l lu t an t s , ouch as mercury, cadjiiium, lead, t i n , 
selenium and a r s e n i c . As a r e s u l t various scnvenginc pr-ocesses, 
these contaminants are deposited in to aquatic and on to 
t e r r e s t r i a l environments, where one biochemical a c t i v i t y of 
microbes i . e . methylation, can change the.ir chemical form. 
Methylation r e su l t s in the conversion of inorganic v o l a t i l e s 
and changes t he i r po t en t i a l ecological s ign i f icance . Vonk and 
S i jpes te i jn (1973); Hamdy and Noyes (1975) reported methylation 
of mercury in some fungi e .g . Aspergil lus n iger , 3copularJopsls 
sp . jSaccharomyces cerevis iae and bacter-ia e .g . Psuedomonns spp. , 
Mycobacterium spp, and Aerobacter spp. 
The adverse influence of gaseous and lieavy met/il 
po l lu tan t s have been sho\\'n e>;perim9ntally, as on the formation 
and germination and vir-al i n f e c t i v i t y . Morphological abnormali-
t i e s are a lso induced in microorganism.s by the gaseous and 
heavy metal p o l l u t a n t s . The abnomiali t ies may be poniianent or 
temporary e . g . the conversion to subterranean hyphae dur.ing 
fumigation with ozone, and the reversion to a e r i a l growth when 
ozone i s removed (HJ.bben and Stotzl\y, 1969), Conidia of 
Al ternar ia so lani germinate while s t i l l a t tached to conidiophore 
in the presence of ozone (Rich and lomlinson, 1968). 
,^ The presence of microbes t o l e r an t of heavy metals in 
environments contaminated with heavy metals i s a common 
observat ion. Bacteria i so la ted from ac t iva ted sewage sludge had 
high tolerances to heavy met^als (Horjtsu and Tomoyecla, 1975; 
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Table 1 , Examples o f a d v e r s e e f f e c t s o f some g a s e o u s and heavy 
me-tal p o l l u t a n t s on t he i v p r o d u c t i v e p o t e n t i a l of 
m i c r o o r g a n i s m s . -
I n h i b i t e d m i c r o r i a l 
r e s p o n s e 
P o l l u t a n t Microorcan ioros 
1 . Fb rma t ion o f 
f u n g a l spores 
Ozone B o t r y t i s c i n e r e a (Krause and 
W e i d e n s a u l , 1 9 7 8 ) . 
Cadmium As | )e r /Ti l lu3 n i / ' , e r . L'rjchodenna 
v i r i d e , Rhizopus s t o l o n i f e r 
(Bab ich and S t o t z k y , 1 9 7 7 ) , 
So le r o t ium r o l f s i i (Le I b u r n e a u , 
1 9 7 8 ) . 
2 , G e r m i n a t i o n o f Ozone 
fUngal s p o r e s 
3 . C o n j u g a t i o n 
S u l p h u r 
d i o x i d e 
Zinc 
4 . V i r a l i n f e c t i v i t y Mercury 
V e r t i c i l l i v i m a l b o - a t r u n i , V_. 
d a h l i a e , C o l l e t o t r l c h u m 
le/Tenariuiii . Rjsar ium oxysporum, 
B o t n ' - t i s a l l i i , T r i choderma 
v i r i d e , A s p e r g i l l u s n i ^ e r , 
P e n i c i l l i u m efwtiacum (J l ibben 
and S t o t z k y , 1 9 6 9 ) . B o t n ^ t i s 
c jnt?roa (Kinuse and W e i d e n - s a u l 
1 9 7 8 ) . 
Fhv toph t l i o r a i n Ces tans 
( S a u n d e r s , 1970 ) , ] ) i | ' l o cn rpon 
r o s a e ( S a u n d e r s , 1966 ) . A l t e r n a r i a 
s] i . (Couey, 1 9 6 5 ) . 
E s c h e r i c h i a c o l i (Ou and 
Ande r son , I 9 7 r ) . 
B a c t e r i o p h a g e s o f S t a p h y l o c o c c u s 
a u r e u s (Dabich and S t o t z k y , 1979b) 
P e r o x y a c e - B a c t e r i o p h a g e o f S e r r a t i a 
^ y l ma re sc ens ( i j a k anJ H e l s e r , 1969 ) . 
n i t r a t e 
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H o r i t s u e_t a l . , 1978 ) ; a s heavy m e t a l r e s i s t a n t b a c t e r i a , 
B a c i ] l u s s p . and i r w i n i a s p . ( A u s t i n ej ; a_]_., 1 9 7 7 ) . Numerous 
m e t a l ' r e s i s t a n t f u n g i were i s o l a t e d from s o i l c o n t a m i n a t e d by 
mine d r a i n i n g , and when c u l t u r e d i n l a b o r a t o r y imniia, 
P e n i c i l l i u m l i l a c i n u i n ( F a e c i l o m v c e s l i l a c i n u s ) and Synnoma tium 
s p . t o l e r a t e d 1 0 , 0 0 0 ppm cadmii:ni w l u l s t r e n i c j l Ijuiii v/asl<:iiani 
and a Tr ichoderma s p . t o l e r a t e d 8000 ppm cadmium (Tatsuyama 
e t a l . , 1 9 7 5 ) . 
The a b i o t i c p h y s i c o - c h e m i c a l c h a r a c t e r i s t i c s o f t l ie 
r e c i p i e n t e n v i r o n m e n t i n f l u e n c e s the t o > : i c i t y of p o l l u t a n t s t o 
m i c r o b e s i n t h a t e n v i r o n m e n t (Babich and Stotz l<y, 1978a, 1979a, 
1980; S t o t z k y and Bab ich , 1 9 8 0 ) . Some e f f e c t s a r e summarized i n 
T a b l e 2 . 
Table 2 . Examples o f the i n f l u e n c e of some a b i o t i c e n v i r o n m e n t a l 
f a c t o r s on t h e t o x i c i t y o f some heavy m e t a l p o l l u t a n t s 
t o m i c r o o r i ^ i n i s m s . 
A b i o t i c f a c t o r P o l l u t a n t M i c r o b i a l r e s p o n s e 
pH Copper The t o x i c i t y o f Cu t o s p o r e s and 
mycelium o f Risar iuin l y c o p e r s i c i 
decrx^ajed a s the pii was d e c r e a s e d 
( H o r s f a l l , 1 9 5 6 ) . 
Mercur^'- The t o x i c i t y of I!g to s p o i v s and 
mycelium o f Risa r ium l y c o p e r s i c i 
d e c r e a s e d a s t h e pH was d e c r e a s e d 
( ] : o r s f : i l l , 1 9 5 6 ) . 
Cadmium F e n i c i n ium a spe rum, Aspor /^ i l3us 
n i g e r , C u n n i n g f i a m e l l a s p . were more 
" o n s i t i v e t o Cd i n an a c i d i c s o i l 
t h a n i n a l l ; a l i n e s o i l (Babicli and 
3 t o t z l ; y , 1 9 8 0 ) . 
*' Lead The t o x i c i t y o f Pb t o Tr ichoderma 
v l r i d e and Asperpj i ] l u s l T i f i e r in 'cFeasod 
a s t he pU v^as i n c r e a s o t i from a c i d i c 
t o a l k a l i n e l e v e l s (Babich and 
Gto tz l ty , 1 9 7 9 a ) . 
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Obligate fungal parasi t ism may also be retarded by-
exposure of tlie host plants to po l lu tan ts that damai^ o the 
h o s t ' t i s s u e ; for example, i n f ec t i v i t y of oat by riiccinia 
coronata, of wheat by Fuccinia /^raminis and of barley by 
Erysiphe graminis was reduced by exposures to ozone (lleagle, 
1975) and the i n f e c t i v i t y of Uromyces phaseoli on kidney bean 
was reduced by treatment with simulated acid r a i n . Blum and 
Tingey (1977) demonstrated tha t ozone a f fec ts root grov/th and 
nodulation of soybean through ind i r ec t e f fec t on the fo l i age . 
Decreased photosynthesis , increased f o l i a r respix-ation, and a 
re ten t ion of amino ac ids , p ro t e ins , and cai^bohydrates in foliage 
have been observed following 0^ e>:posui\is (Middleton, 1961; 
Tingey, 1978). The reduction in the amount of excess carbohydrate 
avai lable for t rans loca t ion to roots would cause l e s s energy to 
be avai lable for colonizat ion by N-fixing b a c t e r i a . Root 
colonizat ion by mycorrhizal fungi might be s i m i l r r l y affected 
by O3 (Tingey, 1978). 
Interaction between mycorrhiza, soi l -borne pathogens and other 
organisms: 
The mycorrhizal fungi may very well i n t e r a c t d i r ec t l y 
with other root pathogens, such as nematodes, because they show 
common and s imi lar trophic requirements. Plant ix i ras i t ic 
nematodes are obl igate pa ras i t e s of plants and some of them 
feed on the c o r t i c a l t i ssues of r o o t s . Itierefore, po t en t i a l 
for competition between ex i s t s for carbon and other n u t r i e n t s . 
Such in te rac t ions r e s u l t in retiuction of infec t ion or repi'oduction 
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of the nematode. The competition between p lan t pathogens and 
VA mycorrhizal fungi for the same host can influence the 
development of both, the pathogen and the mycorrhizal fungus, 
P r i e s t e l (1980) found t h a t under the influence of Meloidogyne 
Incognita, the colonizat ion of cucumber roots by Glomus mosseae 
was adversely affected by the nematode. The nematode generally 
did not k i l l root c e l l s . The negative influence on the 
mycorrhizal fungus was mediated by the host p lan t , as well as 
by the antagonism between endophyte and nematode. Damage to 
the root from the outside (e ,g , by the ac t ion of toxins or by 
development of root r o t t i n g fungi in the cor tex) wi l l destroy 
the food base for the mycorrhizal fungi in the l i v ing root 
t i s sue (Cavis, e_t a_l., 1978; Ross, 1972; Schenck and Kellam, 
1978; Zambolin and Schenck, 1981). Increased p lan t disease 
r e s i s t ance as a consequence of inteTactions between mycorrhizal 
fungi and p lan t pathogens i s dependent on the b io logica l 
influence of the endophyte. 
Inoculat ion with VAM fungi or P p e r t i l i z a t i o n increased 
host tolerance to nematodes except on tamari l lo (Cooper and 
Grandison, 1987) and cotton (Smith e t a_l., 1986) whore P 
f e r t i l i z a t i o n decreased host tolerance on P - f e r t i l i z e d , non-
mycorrhizal tamar i l lo tha t was inoculated with M. incognita a t 
p lan t ing but not when nematode inoculat ion was delayed 4 weeks. ' 
^ i ' t ' ^ £ i i i * ("I^SS) repo ed t h a t app l ica t ion of high 
l eve l s of superphosphate to cotton grown in f ield microplots 
resu l ted in g rea te r crop y ie ld reduction due to M, incognita 
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than occurred in p lo t s a t a lower P levels or infested with VAN 
fungi. In s tudies on a l f a l f a (Grandison and Cooper, 1986), 
clover (Cooper and Grandison, 1986), cotton (Smith e t a l . , 1986) 
and tomato (Cooper and Grandison 1986) nematode infec t ion was 
generally g rea te r on mycorrhizal and P - f e r t i l i z e d p lants tha t 
had larger roo t systems compared to non-mycorrhizal p lants grown 
a t a lower P l e v e l . Nematode development, however, was always 
suppressed on mycorrhizal p lan ts and increased on P - f e r t i l i z e d 
p l a n t s . Nematode damaged p lants frequently show impaired water 
conductance through roots and def ic iencies of B, N, Ffe, Mg and 
Zn (Good, 1968). Thus VAM fungi may increase host tolerance 
by increasing uptake of key nu t r i en t s t h a t would be def ic ient 
in a non-mycorrhizal nematode-infected p l an t . 
The in te rac t ions between VA fungi and p l an t pathogens can 
be described in two general statements about mechanisms of 
r e s i s t ance : 
(Davis, 1980; Roncadori and Hussey,1977). 
( i ) Mycorrhizal fungi are able to re ta rd pathogen development 
in the roo t system. This influence i s r e s t r i c t e d to the 
s i t e of mycorrhizal es tabl ishment . 
( i i ) Mycorrhizal fungi are able to increase disease incidence 
systemical ly , espec ia l ly in non-mycorrhizal p lant p a r t s . 
The systemic influence can be a t t r i b u t e d to b e t t e r 
n u t r i t i o n , enhanced p lan t growth, and physiological stimu-
la t ions in mycorrhizal p l a n t s . With increased concentrat ions 
of a ss imi la tes those p lan ts can serve as b e t t e r n u t r i e n t 
sources for p lan t p a r a s i t i c organism. 
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Ttiere is a local ized speci f ic influence of VA mycorrhizal 
fungi on various a l t e r a t i o n s in host p lan t pliysiolofy. Mycorrhizal 
roots are more l i gn i f i ed than non-mycorrhizal ones, espec ia l ly 
in s t e l a r t i s sue (Dehne, 1982). This e f fec t may be responsible 
for the r e s t r i c t i o n of the endophyte to the root cor tex . The 
same mechanism of res i s tance may be effect ive aga ins t s o i l borne 
organisms invading the host root . 
The induction of a higher res i s tance to root pathogens 
i s l imited to the b io log ica l i n t e rac t ion between host and 
endophyte. Increased res i s tance or decreased s u s c e p t i b i l i t y 
requires optimum conditions for the development of the symbiosis, 
i f possible before the a t t ack of the pathogen. Pre- inoculat ion 
of tomato with a mycorrhizal fungus reduced the development of 
the p lan t p a r a s i t i c nematode Rotylenchulus, nematode e s t a b l i s h -
ment with the formation of giant c e l l s which seem to function 
as t r ans fe r c e l l s for the nu t r i en t flow tovv-ards the paras i t e 
(Sitaramaiah and Sikora, 1982). 
Effect of fumigants and fungicides on ves icu la r arbuscular (VA) 
mycorrhizal fUngi 
The fungicides and fumigants are used to cont ro l s o i l -
borne pathogens. Most s o i l fumigants s t imulate crop growth 
pr imari ly because of the el iminat ion of soi l -borne pathogens. 
There have been cons i s ten t repor ts of s tun t ing following fumiga-
t ion with many crops including avocado (Kartin e_t al^., 1973), 
c i t r u s (Kleinschmidt and Gerdemann, 1972; Martin e t a l . . 1956; 
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O'Bannon and Nemec, 1978), cotton (Hurlimann, 1974; Wilhelm 
gt. aj^., 1967),peach (Uimbert e_t a_l., 1979; La Kuo oj. a l . , 1975), 
soybean (Ross and terper, 1970), white clover (Powell, 1976), 
and hard wood t ree species (F i l e r and Toole, 1968; Riff le , 1976; 
Bryan and Kormanik, 1977; Clark, 1963, 1969). Many fumigants 
have been reported to induce s tunt ing by tlie fimigation 
including chloropicr in , D-D, ethylene bromide, methyl bromide 
e t c . (fiurlimann, 1974; Martin, 1948; Martin e_t a_l., 1956; 
F i le r and Toole, 1968) e t c . Symptoms of the s tunt ing 
syndrome include poor growth, and small, chloi^otic leaves t ha t 
may become necro t ic a t the edges. Older leaves abscise 
prematurely. Stems became th in and roots small but appear 
normal in the stunted condit ion (Lambart e_t a_l_., 1979). 
Kleinschraidt and Gerdemann (1972) iden t i f i ed the cause 
of the ' s tunt ing following fumigation when they discovered t h a t 
stunted c i t r u s seedlings in a fumigated nursery lacked mycorrhizal 
fungi, whereas healthy seedlings were mycorrhizal . They also 
showed tha t both methyl bromide and steam could induce s tunt ing 
of c i t r u s by k i l l i n g mycorrhizal fungi, while seedlings inoculated 
with mycorrhizal fungi grew normally. 
Fungicides and fumigants may af fec t s o i l and rhizosphere 
populations of microorganisms. These microorganisms may i n t e r a c t 
with germination or infect ion by VA mycorrhizal fungi. Mosse 
(1962) showed t h a t ce r t a in bacter ia could s ign i f i can t ly increase 
infec t ion by Infect ion of mycorrhizal fungi, Fumigants and 
fungicides may a lso reduce numbers of mycorrhizal hyperparasi tes 
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or predators which may increase mycorrhizal infect ion (Atilano 
and Van Gundy, 1979; Daniels and Henge, 1980). 
Fungicides are generally far l e ss dnujaging to niycorrhiza]. 
populations than fumigants. They typ ica l ly delay or reduce VA 
mycorrhizal in fec t ion , but rare ly e l im imte i t a l t oge the r . 
Some examples of the ef fec ts of fumigants upon root infec t ion 
by VAM or development of chlamydospores of VAM fungi are 
summarized in Table 3 . 
Menge ejb a a . , 1978 determined the ef fec t of d i f ferent 
length of time and concentrat ion of methyl bi^omide (MBr) on 
ce r t a in mycorrhizal fungi and found out tha t time of exposure 
decreased with the increase in cone, of MBr and vice-veri^a. 
The LD ( l e t h a l dose) of MBr on chlamydospores of two 
mycorrhizal fungi was 12,000 ppm for 6 hr or mox^ e (C x T.72,000). 
Mycorrhizal fungi are extremely sens i t ive to MBr. They 
are apparently twice as sens i t ive to MBr as Phytophthoi^a 
pa r a s i t i c a and P. cinnamomi about four times moi-e sens i t ive to 
MBr than Vert ic i l l ium alboatrum and about nine times moi^ e 
sens i t ive to MBr than Sclerotium r o l f s i i (Munnecke e_t a_l., 1978). 
Effect of some non-systemic fungicides upon root -
Infect ion or development of chlamydospores by vesiculTi— 
arbuscular (VA) mycorrhizal fungi are summarized in Table 4. 
Ifeible 3 . E f f ec t of fumigants on VAM fungi 
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Fumigants Host 
E f f e c t o f 
f u m i g a n t 
on r o o t 
i n f e c t i o n 
by VAM 
f u n g i 
E f f e c t o f 
fumigan t 
on chlamy-
d o s p o r e 
d e v e l o p -
ment by 
VAM 
Reference 
Chloropicrin Cotton 
Citrus 
Methyl 
bromide 
Yellow 
p o p l a r 
reduced 
reduced 
reduced 
Sweet gum no e f f e c t 
to reduced 
5Q% methyl 
bromide 
50% chlcSro-
p i c r i n 
Ethylene 
dibromide 
Pea 
3u dan-
g ra s s 
C i t r u s 
Cotton 
Cotton 
C i t r u s 
~" 
reduced 
reduced 
reduced 
I '^duced 
no e f f e c t 
reduced Hurlimann (1974) 
reduced O'Bannon and 
Neniec (1970) 
Clark (1963) 
- F i l e r and Toole, 
(1968) 
no e f f e c t S tewar t and 
P f l ege r ( l977) 
C i t r u s i nc reased reduced 
to no to no 
e f f e c t e f f e c t 
(1978) 
Timmer and 
Leydou (1978) 
Wilhelm e t n l 
(1967) "~ 
Kurlimann ( l974) 
O'Bannon and 
Nemec ( l978) 
Nemec and 
O'Bannon (1979) 
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Ifeible 4 . S f f e c t o f some n o n - s y s t e m i c funi^'^icides on VAM f u n g i 
F u n g i c i d e Hos t 
S f f e c t o f 
f u n g i c i d e s 
upon r o o t 
i n f e c t i o n 
by VAM 
E f f e c t o f 
f u n g i c i d e 
on chlamy-
dospo re 
d e v e l o p -
ment by 
VAM 
R e f e r e n c e 
B o t r a n 
D i c l o r a n 
Cap t a n 
Corn 
Corn 
C o m 
r e d u c e d 
r e d u c e d 
r>3duced 
Nesheim and Lin 
(1969) 
jdl-Giahmi e t a l . 
(1976) 
'Vheat no e f f e c t no e f f e c t J a l a l i and Domsch 
(1975) 
- Sutton and 
oheppard (1976^ 
no ef fec t Stewart and 
Pflegar (l977) 
- Su tbon and 
Sheppard (1976) 
Sodium a z i d e Soybean no e f f e c t no e f f e c t Kin loo and 
Schenok (1978) 
Copper 
s u l p h a t e 
PCNB 
Bean 
Pea 
Bean 
no e f f e c t 
t o i n c r e a s e d 
r e d u c e d 
C i t r u s no e f f e c t 
t o 
i n c r e a s e d 
Nemec (1980) 
VAM f u n g i a r e a l s o i n f l u e n c e d by s y s t e m i c f u n g i c i d e s . 
The e f f e c t s o f some s y s t e m i c f u n g i c i d e s upon r o o t i n f e c t i o n s o r 
ch l amydospo re developme- ' t by v e s i c u l a r - a r b u s c u l a r m y c o r r h i z a l 
f u n g i a r e g i v e n i n I t ib le 5 . 
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Tfeible 5 . E f f e c t of some sys temic fungic ides on VAM fungi 
Fl ing ic ide 
Benomyl 
C a l i x i n 
t r i d e m o r p h 
Ce la W524 
t r i forme 
T h i a b e n d a z o l e 
Host 
Bean 
Onion 
s o y b e a n 
Red 
c l o v e r 
Wheat 
Wheat 
\Vhea t 
s e e d 
Bean 
E f f e c t o f 
f u n g i c i d e 
on r o o t 
i n f e c t i o n 
by VAM 
r e d u c e d 
r e d u c e d 
r e d u c e d 
r e d u c e d 
r e d u c e d 
r e d u c e d 
r e d u c e d 
E f f e c t o f 
f u n g i c i d e 
on chlamy 
d OS po re 
deve lopmen t 
by VAM 
-
— 
• _ -
r e d u c e d 
r e d u c e d 
-
— 
R e f e r e n c e 
S u t t o n and 
Sheppard (1976) 
D e B e r t o l d i 
e t a l . (1977) 
B a i l e y and 
S a f i r ( 1978) 
J a l a l i and 
Domsch (1975) 
J a l a l i and 
Dorasch (1975) 
J a l a l i and 
Domsch (1975) 
S u t t o n and 
Topsin Wheat 
(Thiophenate) 
no e f f e c t reduced 
Sheppard (1976) 
J a l a l i and 
Domsch (1975) 
Graham e t a_l. (1986) observed t o x i c i t y of f u n g i c i d a l 
copper i n s o i l t o c i t r u s s e e d l i n g s and v e s i c u l a r - a r b u s c u l a r (VA) 
mycor rh iza l lUngl . Growth of s e e d l i n g s an(i c o l o n i z a t i o n by 
the mycor rh iza l fungus (Glomus I n t r a r a d i c e s ) were reduced 
l o g a r i t h m i c a l l y with Cu c o n c e n t r a t i o n . Tlie Cu-lnduced P 
de f i c i ency was a t t r i b u t e d to i n h i b i t i o n of P uptake by 
mycor rh i za l hyphae i n s o i l . 
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Effect of gaseous and heavy metal po l lu tan t s om mycorrhiza 
Plants are adversely affected by the p o l l u t a n t s . There 
have been many repor ts on the ef fec ts of gaseous a i r po l lu tan t s 
and simulated acid i^ in on conifer t r ees (Gostonis, 1970; 
Wood and Borman, 1977). Obligate fungal pa r a s i t e s are a lso 
retarded by exposure of the host p lants to po l lu tan t s tha t 
damage the host t i s s u e . Infect ion of oat by Puccinia corona ta; 
of wheat by Puccinia graminis; and of barley by Erysiphe 
/j;rflminis was reduced by exposures to ozone (lleagle, 1975), and 
In f ec t i v i t y of Uromyces phaseoli on kidney bean was reduced by 
treatment witli simulated acid r a in (Shriner, 1977). 
Mycorrhiza symbiotic fungal root a s soc ia t ions , are 
benef ic ia l to the growth and development of p lan ts (Beckjord 
e_t ajj,., 1984; Mosse and Mayman, 1971). Some ectomycorrhizae 
are known to a l t e r some of the e f fec ts of a i r po l lu tan t s tlirough 
promotion of shoot and root growth (Garrett e_t a_l., 1982; 
Mahoney e_t a_l., 1985). Red oak (Quereus rubra L.) mycorrhizae 
were found to be adversely affected by ozone, sulphurdioxide 
and ac id ic p r ec ip i t a t i on (rleich ejt a j . , 1985). Keane and 
Manning (1988) observed in t e rac t ions between 0^ and simulated 
acid ra in (3AR) on ectomycorrhizae formation in b i rch seed l ings . 
In te rac t ions between 0., and SAR, SAR and mycorrhizal treatment, 
s o i l regime and mycorrhizal treatment and ozone and s o i l regime 
had sigi^ificant e f f e c t s . Treatment of seedlings with pH 3.5 
SAR caused increases in growth which were more apparent in 
birch exposed to 0 , . Mycorrhizal treatment caused increased 
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growth in non-steamed s o i l , while [growth deci'easeci in steamed 
s o i l . Birch seedlings grew much betLer in steamed s o i l . 
The e f fec t of acid ra in and ozone on soybean p lan t with 
endomycorrhizal fungi Glomus macrocarpus was observed by 
Feicht (1981). The simulated acid ra in of pH 3.2 or 2.8 did 
not a f fec t percentage root colonizat ion by G_, macrocarpus 
(Feicht, 1981), and ozone reduced spore production of 
_G, macrocarpus without reducing co loniza t ion . Since 0^ does 
not penetrate the s o i l d i r e c t l y , the ef fec t of 0^ , on the fungus 
was probably mediated tlirough an e f fec t on host metabolism. 
The t o t a l number of chlamydospores per uni t dry weight of root 
was reduced by 0,08 ppm 0 , . The e f fec t of 0, on the fungus was 
grea te r than the ef fec t on the host alone (Blum and Tingey, 1977), 
Mc Cool e_t al_. (l979) found tha t weekly acute 0^ e:xposures 
eliminated the benef ic ia l growth response for t royer ci t range 
orange seedlings to infect ion by G. f a sc l cu ln tus . I t was 
suggested tha t 0, a l t e r ed host metabolism by changing percent 
P, K, Ca, and Na in c i t range leaves and thus affected the 
mycorrhizal symbiosis and reduced percentage root in fec t ion . 
Vesicular-arbuscular (VA) mycorrhizal fungi can st imulate 
p lan t metal uptake in so i l s where the metals a i^ sparingly 
a v a i l a b l e . Tinker (1984), sug^^ested tljat the in/Duunce of VAM 
fungi on metal uptake should be studied when the host p lants 
are growing in s o i l s containing po ten t i a l l y toxic levels of 
heavy meta ls . Such environments might include s o i l s in the 
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v i c i n i t y of metal mines, me ta H i ferrous bedrock or so i l s down 
wind of metal smel ters , since smelter ef f luents i^esult in both 
ac id ic and heavy metal deposit ions and biolofjicnl a v a i l a b i l i t y 
of heavy metals general ly increases with a c i d i t y . 
The growth, survival and heavy metal content of two 
r^ces of cal luna, one from a metal-pol luted s i t e and one from 
an unpolluted na tura l heath-land, have been compared when p lan ts 
were grown in the mycorrhizal (n) and non-mycorrhizal (Nl^ l) 
condit ion in sand cul tures supplemented with d i f fe ren t levels 
of copper and z inc . The Wi p lants showed no tolerance of 
these metals a t high concentrations; mycorrhizal infect ion 
provided a major degree of res is tance to the tox ic i ty and 
infec t ion led to s ign i f i can t reduction of the heavy metal 
content of shoot (Bradley e_t aj^., 1981), Gildon and Tinker 
(l983a) reported tha t the degree of infect ion of onions with 
the ves icu la r -a rbuscu la r mycoi'rhizal fungus, Glomus_ mosseae was 
s trongly reduced by addi t ions of zinc, copper, n ickel or cadmium 
to the s o i l medium, A s p l i t pot exper-iment was used to show 
tha t zinc t rans located v/ithin the p lant from other roots was 
ef fec t ive in decreasing infect ion l e v e l s . I t was a lso observed 
by Gildon and TinJ<er (l983b) tha t clover p lan ts growing on 
areas which had been heavily contaminated with metal were found 
to be s trongly infected with mycorrhizal "fungi, A comparison 
O-f li« moGseae i so la ted from these plants with the i so l a t e used 
a t Rothmsted showed the form.er to be much more to l e r an t of zinc 
and cadmium in the s o i l , Ther>2 was some ind ica t ion tha t 
mycorrhizal infec t ion , p a r t i c u l a r l y with the t o l e r a n t i s o l a t e , 
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c o u l d p r o t e c t p l a n t s a g a i n s t the e f f e c t s o f heavy m e t a l 
a d d i t i o n s . I t was a l s o r e p o r t e d t h a t an i n f e c t i o n wit l i 
m y c o r r h i z a l fun^ji can i n c r e a s e t h e s u p p l y o f c o p p e r t o t he 
h o s t p l a n t , i n c o n d i t i o n s where i n c r e a s e d p h o s p h o r u s n u t r i t i o n 
does n o t i n c r e a s e dry w e i g h t . I t i s sug^^ested t h a t c o p p e r i s 
a b s o r b e d and t r a n s l o c a t e d by m y c o r r h i z a l hyphae i n a manner 
a n a l o g o u s t o t h a t which o c c u r s f o r p h o s p h o r u s ( G i l d o n and 
T i n k e r , 1 9 8 3 b ) . Dixon and Buchsena (1988) r e p o r t e d tl ie 
r e s p o n s e o f e c t o m y c o r r h i z a l P i n u s b a n k s i a n a and P i c e a g l a u c a 
t o heavy m e t a l s i n s o i l s . E c t o m y c o i ' r h i z a l c o l o n i z a t i o n r t i t e s 
were s u f f i c i e n t l y r e d u c e d on P i n u s and P i c e a s e e d l i n g s by the 
heavy m e t a l s p a r t i c u l a r l y Cd and N i . Needle t i s s u e m e t a l 
c o n c e n t r a t i o n s were l o w e r i n e c t o m y c o r r h i z a l s e e d l i n g s a t low 
s o i l m e t a l c o n c e n t r a t i o n s . However, a t h i g h e r s o i l c o n c e n t r a -
t i o n s , heavy m e t a l c o n c e n t r a t i o n s of n e e d l e t i s s u e were s i m i l a r 
i n e c t o m y c o r r h i z a l and n o n - m y c o r r h i z a l p l a n t s . The growth of 
n o n - m y c o r r h i z a l s e e d l i n g s e x p o s e d t o heavy m e t a l s was r e d u c e d 
compared t o t h o s e I n o c u l a t e d w i t h S u i l l u s l u t e u s , a p p a r e n t l y 
e c t o m y c o r r h i z a l c o l o n i z a t i o n c a n p r o t e c t e d P i n u s and P i c e a 
s e e d l i n g s from heavy m e t a l t o x i c i t y a t low o r i n t e r m e d i a t e s o i l 
c o n c e n t r a t i o n s o f Cd, Cu, Ni , Pb , and Zn. 
ROOT-NODULE BACTERIA 
R o o t - n o d u l e b a c t e r i a f i x t h e a t m o s p h e r i c n i t r o g e n 
s y m b i o t i c a l l y i n a s s o c i a t i o n w i t h l eguminous p l a n t s . The nodu le 
fo rming b a c t e r i a a r e th.e s p e c i e s o f Rhi::obium a n d B r a d y r h i z o b i u m 
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in the family Rhizobiaceae. The nodule forrnin;-^ bacter ia are 
gram negative rodshaped of short to medium size,and l ive freely 
in s o i l and in the root region of both leguminous and non-
leguminous p l a n t s . They enter in to symbiosis only with 
leguminous p l an t s , by infect ing the i r roots and forming nodules 
on them. Tl-iey show spec i f i c i t y in t he i r symbiotic assoc ia t ion 
with legumes. Therefore, there are speci f ic s t r a i n s for a 
legume or a group of legumes. The nodule forming bacter ia are 
recognized as microsymbionts, V/hen nodule becomes senescent 
a f t e r a period of ni trogen f ixa t ion , decay of t i ssue se t s in 
l i b e r a t i n g motile forms of bacter ia into s o i l which normally 
serve as a source of inoculum for the succeeding crop of a given 
species of legume (Rao, 1972, 1975). The nodule forming 
bac ter ia penetrate the root from the root ha i r through the 
i n t e r c e l l u l a r spaces and form nodule in the upper c o r t i c a l 
reg ions . The core of a mature nodule cons t i t u t e s the bacteriod 
zone surrounded by several layers of c o r t i c a l c e l l s . The volume 
of bacteroid zone in effect ive nodules has a d i r e c t pos i t ive 
r e l a t ionsh ip with the n i t ro -en fixed. The effect ive nodules 
are generally large and pink in colour duo to leghaemoglobin 
(Bergersen and Briggs, 1958). 
The nodulated legume system depends only on the ava i lab le 
mineral nitrogen in the s o i l . A close r e l a t i onsh ip i s es tabl ished 
between host symbiont and the environment. The effect iveness 
and eff ic iency of the Rhizobium - legume symbiosis are dependent 
on th is relat ionship. 
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The factors l imi t ing the bacter ia include the a b i l i t y 
to compete, t h e i r capacity to survive, and hydro^'.enase a c t i v i t y . 
The factors l imi t ing the host include ra tes of photosynthesis 
and n u t r i e n t uptake, Environmental factors include the P, K, 
Ca, N, micronutr ient and moisture. 
Soil a c id i t y influence N f ixat ion by d i r e c t and i n d i r e c t 
e f fec t s onthe bacter ia and on the host , i^hizobium species and 
s t r a i n s vary in t h e i r tolerance to s o i l pll. Munns (1976) and 
Munns _e_t _al, (1977) reported tha t the behaviour of one legume 
in acid s o i l cannot be deduced from exjierioncin^j with another 
i . e . among the t rop ica l and temperate legumes, one can find 
both t o l e r a n t and in to l e ran t species and hence d i f fe ren t responses 
to l ime. 
Freire (1976) reviewed the ef fec ts of s o i l ac id i ty and 
pH re la ted factors on soybean nodulation and N f ixa t ion . Growth 
and a c t i v i t y of Rhizobium as well as effect ive nodu]ation 
requires an adequate supply of Cn. There is soim^ cor re la t ion 
between s o i l ' a c i d i t y and the a v a i l a b i l i t y to p lants of such 
macro—and micronutr ients as Ca, P, Mn, Al, jj, Ilo anci (Ju. Lime 
appl ica t ions co r rec t Al and Iln, and i t a l so reduces or increases 
the a v a i l a b i l i t y of many o ther oleir.ents and nu t r i en t s in s o i l . 
Graham and llalliday (1976) reported tha t s o i l temperature 
i s a major l imi t ing fctctor for beans in t rop i ca l and subtropical 
a r eas , the l imi t ing pll for grov-ith of R. phaseoli in l iquid 
medium was 4,0 to 4 ,4 . 
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In some s o i l s , P f e r t i l i z a t i o n by i t s e l f a l l e v i a t e s the 
inh ib i t ion of nodulation, but where to^ic leve ls of Al and/or 
Mn are present , liming is e s s e n t i a l to promote adequate 
nodulation for high N -fi>;ation and hi^jh y i e ld . The d i i ^ c t 
e f fec t of Al and Mn t o x i c i t i e s on Rhizobia was studied by 
Keyser and Munns (1979). They reported that in acid s o i l s Al-
tox i c i t y and ac id i t y i t s e l f were probably more important f&ctors 
l imi t ing Rhizobial growth than Mn toxic i ty and Ga deficiency. 
Potassium, S and micronutr ients in s o i l have minor roles as 
l imi t ing fac tors , a t l e a s t in areas of low product iv i ty a g r i c u l -
ture (Andrew, 1976; Freire , 1976; Franco, 1976). 
Diat loff (1967) observed tha t during wet periods in a 
black ear th s o i l , ae ra t ion was the l imi t ing fac tor for nodulation 
of cowpea, soybeans, and native legumes . Gtoepfert and Freire 
(1973) obtained s ign i f i can t increases in nodulation and dry 
matter of Phaseolus vulgar is in a s o i l sieved to obtain pai-t icles 
of 0.8 to 2.0 mm. 
I t has been shown by Franco (1976) t ha t p lan ts dependent 
on N require more P than p lan ts using mineral N. P deficiency 
i s the most important single l imi t ing factor for N f ixat ion 
and legume production. There i s the v i t a l role of P in energy 
t r ans fe r and large quanti ty of energy required for the reduction 
of N2 to NH,. The addi t ion of P to s o i l usually causes an 
increase in the concentrat ions of P and N in p lan t t i s s u e s . This 
relatJojiship has been show7i for* t rop ica l pastui-e legumes 
(Andrew, 1976). According to Andrew (l976) the increase in 
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N-concentration in pasture lo j^uineG reGultin{j from P additiotiG 
may ba compounded by time and cnorgy content of nodulation 
and by dur'ation and ofi iciency of symbiosis. Uoopfert (1971 ) 
reported a close re la t ionsh ip in soybeans between grain y i e ld , 
P a v a i l a b i l i t y in the s o i l , and nodule weight of soybeans. 
Mosse (1976) believed th^^t the e f fec t of ve s i cu l a r -
Arbuscular-mycorrhizae (VAM) in improving phosphate supply to 
p lants r e s u l t s from the absorbing capacity of the extensive 
network of ex te rna l hyphae associated with the infected r o o t s . 
Nodulation of various legume species has been shown to be 
responsive to the inoculat ion with mycorrriizae. 
The reduced Rhizobium nodulation, ni t rogen f ixa t ion , 
and/or leghemoglobin content were observed in leguminous p lan ts 
following 1 or 2 acute 0 , exposures in greenhouse or control led 
environment chambers (Blum and Heck, 1980; Blum and Tingoy, 
1977). In a green-house, the number of Rhizobium nodules per 
p lan t and the nodule v/eight per p lant of soybean were reduced 
46 and 415^  respec t ive ly , by exposures to 0.25 ppm 0^ for 4 hr 
per day, 3 days per week, for 11 weeks (iteinert and Weber, 
1980). 
Rhizobium nodulation of kidney beans grown in a greenhouse 
or f ie ld p lo t s and soybeans grown in a greenhouse (Shriner, 1974; 
Waldron, 1978) was reduced by sulphuric acid ra in of pH 3 .2 . 
Mc Guirt (1976) reported that nodulation of soybeans grown in 
f i e ld -p lo t s was not reduced by ra in of pH 3,^, Waldran (1978) 
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N-concsntration in pastxire legumes re su l t ing from P addi t ions 
may be compounded by time and energy content of nodulation 
and by durat ion and efficiency of symbiosis. Goopfert (l971 ) 
reported a close r e l a t ionsh ip in soybeans between grain y i e ld , 
P a v a i l a b i l i t y in the s o i l , and nodule weight of soybeans. 
Mosse (1976) believed thnt the e f fec t of ve s i cu l a r -
Arbuscular-mycorrhizae (VAM) in improving phosjjhnte supply to 
p lants r e s u l t s from the absorbing capacity of the extensive 
network of ex te rna l hyphae associated with the infected i-oo t s . 
Nodulation of various legume species has been shown to be 
responsive to the inoculat ion with mycorriiizae. 
The reduced Rhizobium nodulation, ni trogen f ixa t ion , 
and/or^'legliemoglobin content were observed in legiijninous p lan t s 
following 1 or 2 acute 0 , exposures in greenhouse or control led 
environment chambers (Blum and Heck, 1900; Blum and Tingey, 
1977). In a green-house, ttie number of. Rhi/-o'uium nodules per 
p lan t and the nodule weight per p lant of soybean were reduced 
A6 and 41/^ respec t ive ly , by expos'ires to 0.P3 ppm 0^ for h hr 
per day, 3 days per week, for 11 weeks ( i ^ ine r t and V/eber, 
1980). 
Rhizobium nodulation of kidney beans grown in a greenhouse 
or f ie ld p lo t s and soybeans frown in a greenhouse (Shriner, 197''t; 
Waldron, 1978) v/as reduced by sulphuric acid ra in of pH 3 .2 . 
Mc Guirt (1976) reported tha t nodulation of soybeans grown in 
f i e ld -p lo t s was not reduced by ra in of pH 3 . 5 . Waldran (l978) 
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separated the e f fec ts of H and 30/^  ions on nodi;la Lion by 
' r a i n ' or s o i l drench apj^lica t ions of sulphuric acid (pll 3 .? ) 
or sodium sul fa te (pH 5.7) . He found tha t H ions were tlie 
major cause of the inh ib i t ion , however, 30, ions caused a 
sli/;^ht reduction in nodulation when a])plied as ' r a i n ' Jhr iner 
(1974) and V/nldron (1978) suggested tha t a substance leached 
from the foliage may a lso have contributed to the inh ib i t ion 
of nodulat ion. 
Interaction between YAM fUngi and root-nodule bac te r ia 
Signi f icant in t e rac t ions between selected bacter ia and 
VA mycorrhizal fungi, have been recorded. Dual inoculat ions 
with VA mycorrhizal fungi and rhizobacter ia have resu l ted in 
increased mycorrhizal colonizat ion (Bagyaraj and Menge, 1978). 
The microbial in te rac t ions in the mycorrhizosphere of VA 
mycorrhizal have been reviewed by Barea and Azcon-Aguilar 
(1982) and Bagyaraj (1984). Bagyaraj and Menge (1978) reported 
an increase in rhlzosphere populations of bac ter ia and ac t i no -
mycetes when plants were inoculated with Azotobactor or VA 
mycorrhlza, inoculated singly or in combination but more fix)m 
the combination. The combined inoculat ion resul ted in synerg i s t i c 
growth enhancement of the host p l an t . Meyer and Linderman 
(1986) compared rhizoplane and rhizosphere s o i l in regard to 
the se lec t ion of qua l i t a t i ve ly d i f fe ren t functional groups of 
bac te r ia from the na tura l ly occuring microflora. They showed 
no quant i ta t ive difference in t o t a l bacter ia in the rhizospliore 
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s o i l s from mycorrhizal p lnnts , but s i / ;n i f icant qua l i t a t i ve 
sh i f t s were found. For e>:ample, facu l ta t ive anaerobes 
(possible ni trogen fixers and ethylene producei's) inci'eased 
in the mycorrhizosphere s o i l , but f lourescent Psuedomonads 
decreased. 
Inoculation of legumes with VA mycorrhizal fungi and 
Rhizobium in some s o i l s was found to have synerg i s t i c benef ic ia l 
e f fec ts on nodulation, nitrogen f ixat ion and legume grov/th 
(Carling e_t al_., 1978; Efeft and ^1-Giahmi, 1974; Islam e_t c a . , 
1980), Legumes require adequate phosphorus supply for s a t i s -
factory nodule production and ni trogen f ixa t ion (Mosse, 1977; 
Van Schreven, 1958). Inoculation of soybean v/ith Glomus 
fasc icyla tus and Rhizobium .japonicum s ign i f i can t ly increased 
dry weight and nitrogen content of the shoot and to t a l dry 
weight, nodule dry weight, nitrogenase and nitr^ato reductase 
a c t i v i t i e s (Bagyara j £_t cQ., 1979; C.Trling e_t a_l., 1970) 
as compared to inoculat ions v.-ith e i t h e r of the organism a lone . 
Inoculation of Leucaena leucocephala with 0^ . fasc icula tus and 
Rhizobium in a P-def ic ient s o i l improved noduJation, mycorrhizal 
colonizat ion, dry weigiit and N am! P contents of tFie p lants 
compared to s ingle inoculat ion v.'ith e i t h e r organisms (Kanjunath 
o_t a_I., 1984). The improvement of P uptaiw by the liost p lant 
r e su l t i ng from VAM inf jc t ion enhances nodulation and N-f ixat ion. 
Effectiveness among four VA mycorrhizal fungi and 
Rhizobium in promoting growth of three legume trees in P-
def ic ien t s o i l was studied by Delacruz e_t al.. (1988). 
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Glomus fasc icula tus with Flhlzobium, and Glgaspora marf;arlta 
with Rhizobium were most e f fec t ive for Acacia man/^ ium. and 
Albizzia fa lea t a r ia (Syn: Paraser ianthes f a l c a t a r i a ) , 
Scutellospora persica with Rhizobium. Gi^aspora mar/;arita with 
Rhizobium and Glomus fascicula tus and Rhizobium were most 
e f fec t ive for Acacia a u r i c u l i f o r n i s . Consistent ly poor growth 
was a t ta ined by seedlings inoculated with Sclerocyst i s 
clavispora along with Rhizobiujn or Rhizobium alone or by 
uninoculated seed l ings . The combined ef fec t of ves i cu l a r -
arbuscular mycorrhiza (VAM) and Rhizobium on the cold season 
legumes l e n t i l and faba bean as well as on summer legume 
soybean were observed in s o i l s with low indigenous VA mycorrhizal 
spores . The inoculat ion of the p lan t with VA mycorrhizal fungi 
increased the leve l of mycorrhizal root infec t ion of l e n t i l , 
faba bean and soybean. The inocula t ion with Riiizobium had no 
s ign i f i can t e f fec t on percent infec t ion VA mycorrhizal infec t ion , 
but VA mycorrhizal inoculat ion increased nodulation of the 
three legumes (Badr 21-Din and Moawad, 1988). 
MATERIALS AND METHODS 
•CulturlriR of Vesicular - Arbuscular Mycorrhlza 
The most accessible, most abundant source of inoculum 
for VAN fungi is the rhizosphere of endomycorrhizal plants in 
the field. Spores of VAM fungi will be obtained from rhizosphere 
soil samples taken from 0-15 cm depth by wet sieving and 
decanting technique. With the aid of a dissecting microscope 
spores of mycorrhizal fungi will be removed from soil detritus 
with a microspatula or picked up by a pasteur pipette fitted with 
a rubber bulb and subsequently used to establish pot cultures. 
Recovery of propagules from soil 
Wet sieving and decanting is a basic technique to recover 
propagules from the soil and to remove the clay and sand 
fractions of the soil while retaining spores and other similar 
sized soil and organic matter particles on sieves of various 
sizes. 
Wet sieving and decanting (Gerdemann and Nicolson 1963) 
The technique is described stepwise below: 
1, A volume of soil (250 ml) from the sample will be mixed 
in water (lOOO ml) and tlie heavier particles will be allowed 
to settle for few seconds. 
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11 the number of spores contained in various s o i l s are to 
compared, the volume of s o i l sieved wi l l be cor re la ted to the 
dry weight of t h a t s o i l sample. 
2 . The l iquid wil l be poured through a coarse so i l - s i eve to 
remove large pieces of organic mat ter . The l iquid which 
would pass through th i s sieve wi l l be co l l ec t ed . The 
sieve wi l l be washed in a stream of water to ensure t ha t a l l 
small p a r t i c l e s have passed through. 
3 . The p a r t i c l e s in the l iquid which have passed through the 
coarse sieve wi l l be resuspended and to allow the heavier 
p a r t i c l e s to s e t t l e for a few seconds. 
4. This suspension wi l l be passed through a sieve fine enough 
to r e t a in the desired spores, generally 250 m. If t o t a l 
population i s to be assessed the f ines t ava i lab le sieve 400 m 
wi l l be employed, 
5. The mater ia l re tained on sieve wi l l be washed to ensure 
tha t a l l co l l o ida l mater ia l has passed through the s i eve . 
6. Small amounts of remaining debris wil l be t ransferred to a 
pe t r id i sh and wi l l be examined under a d i s sec t ing microscope. 
Al te rna t ive ly , a nest of var ied-s ized sieves may be 
used instead of s teps 2, 3, and 4. If the bottom sieve wi l l 
'c logup' e i t h e r a s trong stream of water o r p a t t i n g the side 
of the sieve wi l l often unclog i t . 
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Iden t i f i ca t ion of Genera and Species of VAM fUngl 
Genera and species of VAM fungi i so la ted wi l l be iden t i f ied 
on the basis of: 
(A) Characters of spores 
( i ) Shape of spores 
(11) Attachment of hypha 
( i l l ) Longest dimension a t maturity 
( B ) Presence or absence of sporocarp, for e:xaniple 
Glomus may be sporocarpic or non-sporocarpic 
Sclerocys t i s - Sporocarpic chlamydospores 
Glp;aspora - Non-sporocarpic 
Acaulospora - Non-sporocarpic 
Some characters tov Glomus, d i a s p o r a Sclerocys t i s and 
Acaulospora are given (Bakshi, 1974 ) -
Glomus - Sporocarpic or non-sporocarpic, chlamydospores terminal 
on hyphae, o i l drople t sphe r i ca l , var iable in s i z e , coalesce 
r ead i ly , spore wall thickening extends down, one or more 
subtending hyphae from which germ tube emerges, 
Glj^aspora - Non-sporocarpic, spores (azygospores) produced 
terminal ly on a s ingle suspensor l ike bulbous s t ruc tu re from 
which a s lender hyphae usually prx>jects to the spore . Oil 
dixjplet uniform, polygonal, do not coalesce, separated by a 
cytoplasmic net work. 
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Sclerocystls - Sporocarpic, chlamydospores arranged in a single 
layer around a central plexus of sterile hyphae. Usually 
sporocarps ai^ black, brouTi or light brown in colour. 
Acaulospora - Non-sporocarpic, resting spores borne laterally 
on a hyphae terminating in a vesicle. 
For further identification synoptic keys (Trappe, 1982) 
will be consulted. 
Inoculum Production 
Pure culture of VA fungi isolated and identified will be 
raised to maintain sufficient inoculum for experiments. The 
inoculum will be raised inoculating suitable host plants which 
will be ^ .inoculated with spores (30-50 per plant) in open pots 
with sterilized soil or sand. At the time of planting seeds 
in pots, inoculum (spores) will be layered 2-3 cm below the seed. 
If the seedlings are to be inoculated, the inoculum will be placed 
In a pot half filled with soil at the time of seedling trans-
plants. Roots of transplanted seedlings will be put in direct 
contact with the inoculum, and the remainder of the soil will 
be added. 
Inoculum preparation for glasshouse experiments 
Soil inoculum (spore, soil, hyphae, and infected 
mycorrhizal roots) or spore inoculum will be used depending upon 
the nature and objective of the experiments. 
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Glasshouse Experiments 
In the proposed s tudy , e f f e c t of gaseous a i i ' p o l l u t a n t s 
(SOp and 0 , ) on the crop pei'fommnce and development of VAM fungi 
(Glomus s p , and G l ^ s p o r a s p , ) and roo t nodu la t i on on gram 
(Clcer a r l e t i n u m L,) and mungbean (Vlgna r a d l a t a L. ) w i l l be 
s t ud i ed i n 30 cm c l ay po ts i n g l a s s h o u s e . 
P l a n t s w i l l be exposed to d i f f e r e n t doses of the a i r 
p o l l u t a n t s i n exposure chambers. Fbllowing w i l l be the p a t t e r n 
of t r e a tmen t s fo r e x p e r i m e n t s . 
T1 P l a n t ( c o n t r o l , wi thou t any t r e a t m e n t ) 
T2 P l a n t + Air p o l l u t a n t 
T3 P l a n t + VAM fungus 
T4 P l a n t + Rhizobium 
T5 P l a n t -•• VAM fungus + Rl^izobium 
''T6 P l a n t + Air p o l l u t a n t + VAM fungus •«- Rhizobium 
Pots of T1, T3, T4 and T5 t r e a t m e n t s w i l l be kept in 
unpo l lu ted a i r . 
At the t e rmina t i on of exper imen t s , the fo l lowing p a r a -
meters w i l l be determined fo r each t r e a t m e n t . 
Shoot l e n g t h 
Root l e n g t h 
Fresh and dry weight of shoot 
Fresh and dry weight of r o o t 
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Number of flowers per p lant 
Number of f ru i t s per p lant 
Quanti tat ive est imation of spores in s o i l 
In tens i ty and percentage of VAM infect ion 
Total numberof nodules/root system 
Total number of functional nodule/root system 
Chlorophyll content of leaf 
Nitrogen and phosphorus content of roots 
Protein content of seeds 
The e f fec t of p a r t i c u l a t e a i r po l lu tan t (f lyash) wi l l be 
studied by a r t i f i c i a l l y amending the s o i l with flyash obtained 
from the thermal power p lan t , Kasimpur. Soi l wi l l be amended 
using d i f fe ren t proportions of flyash and p lan ts wi l l be grown 
in po t s . The treatments of the experiment w i l l be the same as 
in gaseous a i r po l lu tan t s given above and a t termination the 
same parameters as given above wi l l be considered. 
Exposure chamber 
Air po l lu tan t exposure chambers (Standai^d Appliances, 
Varansi) wil l be used for the exposure of the t e s t mater ia ls tx) 
a mixture of a i r and SO-. The front of a i r po l lu t an t exposure 
chamber has a fu l l s ize door, and exhaust duct i s provided a t 
the top to carryout the a i r /gaseous mixture. The bottom i s 
double walled and upper side has openings and the lower side i s 
equipped with a spec ia l type of blower assembly. •' '"umigation 
c o n t r o l l e r regula tes the voltage supply to blower aad display 
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on the panel meter. The plants in pots will be kept in the 
gas exposure chamber and will be exposed Tor a desirable length 
of time. 
Gas Generation 
SO will be generated in a generator which produces SO 
gas by the action of sulphuric acid (llpSO, ) on sodium sulphite 
(Na2S03) under control reaction conditions. The amount of 
Na2S0, and F^SO^ acid discharged from the reagent bottles mounted 
over the SO^ generator will be determined by collecting the 
solution dropping through capillary tube in a graduated cylinder 
for sometime and expressing the rate in ml/min. On the basis of 
flow rate or solution feeding rate, solutions of sodium sulphite 
(NapSO,) and sulphuric acid dOi''^ ) will be prepared to produce 
required amount of SO^ gas/min, on complete reaction 1M Na^SO^ 
produces 1M SOp or 126 mg NapSO, produces 64 mg SOp, 
NapSO^ + HpSO^ SOp + Nap SO^ ^ + llpO 
10:^  iUSO, acid solution will be used for all the working 
solutions of NapSO-j. 
Ozone 
Ozone wi l l be generated by subject ing dry oxygen to the 
ac t ion of s i l e n t e l e c t r i c discharge in an apparatus cal led 
Ozoniser, 
3O2 ^ 20^ 
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Exposure and Doses 
3-h week old seedlings wi l l be e>;posed to SOp and/or 
0^ a t every a l t e r n a t e day for 3 h. This procedure wil l continue 
for 75 daya. The concentrat ion of gases used for exposure wi l l 
be 0,1 and 0.2 ppm. 
Impact of the Air Po l lu tan ts on the Crops 
For assess ing the e f fec t of the a i r po l lu tan t s on the 
pulse crops, samples from the pot experiments w i l l be col lected 
in polythene bags and l abe l l ed . In laboratory the rxDo t system 
of each p lant of the samples wi l l be thoroughly washed to 
remove the s o i l p a r t i c l e s , fioot and shoot lent^tlis, fresh and 
dry weights of root and shoot wi l l be determined for each 
sample by standard methods. 
Air po l lu t ion symptoms 
Plants col lected from the glasshouse experiments wi l l 
be invariably examined closely in the laboratory for detecting-
symptoms on p l a n t s . If present , symptoms wi l l be chai^ac terized 
and matched with the symptoms given in " Recognition of a i r 
Pol lu t ion Injury to Vegetation. A p i c t o r i a l A t l a s " (Eds. J . 
Jacobson and A.C, H i l l ) , Air Pol lu t ion Control Asi^ocia t ion, 
Pittsbur 'g, Pensylvania, 1970 and the d e t a i l s wi l l be noted and 
photographed. 
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Assessment of mycorrhizal development 
Root sample collection 
Roots with fine terminal feeder roots will be exacavated 
from the soil in the pots of the glasshouse experiments in order 
to assess the mycorrhizal development. A representative sample 
of the entire root system will be obtained from four or five 
•4-
di f fe ren t por t ions of the root system and combined. 
Preserving of specimens 
Individual root samples of 1-2 g (fresh weight) wi l l be 
preserved in Formalin-Ace to Alcohol (FAA). The standard FAA 
solut ion wi l l be made with 50?6 alcohol with V/V/V r a t i o of 
90 :5 :5 . 
Samples co l lec ted and preserved in FAA wi l l be used 
primari ly for assess ing the degree and in t ens i ty of mycorrhizal 
development and wi l l be adequate for describing fungal morpho-
log ica l c h a r a c t e r i s t i c s in the i n o t s . 
Clearing and staining the specimens (Ph i l l ips and Hayman 1970) 
1. Root specimens (fresh or preserved) wil l be wasljed with 
tap water and boiled in 10/^  KDIi solut ion a t 90°C for A5 min. 
or 1 h. The lOH solut ion wil l c l e - r the hoJ t cytoplasm and 
nuclei and readi ly allows s t a i n pene t ra t ion . 
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2 . The KDH s o l u t i o n w i l l be poured of f and roo t s w i l l be 
r insed wel l in a boaker usin^; a t l e a s t thi'Gf? cninplcte 
changes of t ap water o r u n t i l no brown co lour appear- i n 
the r i n sed wa te r . 
3 . Alkal ine Ji,Op w i l l be used for pigmented r o o t s i . e . to 
b leach the roo t s (Alkal ine UpOp) w i l l be made by adding 
3 ml of NH^ OH to 30 ml of 10j6 H2O2 and 567 ml of t ap wa te r . 
4 . The r o o t s w i l l be r i n sed thoroughly us ing a t l e a s t t h r e e 
complete changes of t a p water to remove the ^UOp-
5 . Roots w i l l be covered i n the beaker with 1;^  HCl and soaked 
fo r 3-4 min and then s o l u t i o n w i l l be poured o f f . The rx)ots 
w i l l no t r i n sed with water a f t e r t h i s s t e p because they w i l l 
be a c i d i f i e d for p roper s t a i n i n g . 
6 . Roots w i l l be t r e a t e d with 0.05?^ Trypan blue (0.05?^ Trypan 
blue i n Lactophenol) and w i l l be kept for one hour . 
7 . Af ter removing the specimens from Trypan blue the specimens 
w i l l be kept in d e s t a i n i n g s o l u t i o n for ove rn igh t and then 
w i l l examined under the mic roscope . 
The s t andard d e s t a i n i n g s o l u t i o n w i l l c o n s i s t of -
875 ml - l a b o r a t o r y grade a c e t i c ac id 
63 ml - g l y c e r i n e 
63 ml - D, wate r 
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The c lear ing and s ta in ing techniques wil l remove c e l l u l a r 
contents and make the root opaque, but VA mycorrhizal fungal 
s t ruc tu res wi l l s t a i n dark b lue . 
Assessment of colonization after clearing and staining 
(Glovannetti and Mosse. 1980) 
The primary objective of th i s study wi l l be to determine 
the percentage of roots colonized as well as the In tens i ty of 
colonizat ion within the roo t s . This wi l l be done by s l ide 
method. Approximately 1 cm long root segments wi l l be selected 
a t random from a stained sample and mounted on microscopic s l i des 
in groups of 10, 30-100 root segments from each sample wi l l be 
used for t h i s method. Length of c o r t i c a l colonizat ion wi l l be 
assessed (a t 100X) in mm for each root segment, and wi l l be 
averaged for each of the 10 segments in a group. I t w i l l be 
expressed as a percentage of root length colonized. This method 
wi l l give an assay based on t o t a l root length taking into 
considerat ion the percentage of roots colonized, as well as the 
i n t ens i t y of coloniza t ion . 
Al terna t ive ly the s l ide procedure wi l l be simplified by 
recording only the absence or presence of colonizat ion in each 
root segment and expressin^j the r e s u l t as a percentage of roots 
colonized. This method is referred to as the s l ide method 
(Giovannetti and I'losse, 1980). 
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Quantitative estimation of spores from soil 
The spores will be isolated from pot soil by wet sieving 
and decantin^j method. 100g of soil will be procGsoed through 
this method. The suspension thus, obtained will be made up to 
50 ml. The spores will be counted in 1 ml of suspension in 
nematode counting dish under the dissecting microscope. The 
final number of spores/lOOg of soil will be calculated accordingly, 
Plant Analysis 
Analysis of plant samples frx»m the glasshouse experiments 
will be done for estimating chlorophyll content in leaves and 
phosphorus (P) and nitrogen (N) contents of roots and leaves and 
protein^content of seeds. 
Estimation of chlorophyll content 
For chlorophyll estimation, 1g of intei-veinal region of 
the leaves will be ground in 40 ml 80?6 acetone with the help of 
mortar and pestle. The suspension will be decanted in buchner 
funnel having two whatman paper No.1. Then filteration will 
be done with the help of suction pump. The residue will be 
ground thrice adding with 30, 20 and 10 ml of acetone respec-
tively. The suspension will be decanted in buchner funnel and 
filtered in vacuum. At last mortar and pestle will be rinsed with 
80?6 acetone, transferred in buchner funnel and filtered in 
vaccum. The filtrate will be transferred in 100 ml volumetric 
flask and the volume will be made upto capacity. The transmi-
ttance will be read at 645, 663 and 652 nm at spectrophotometer. 
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The chlorophyll a, b, and t o t a l chlorophyll wi l l be calculated 
accordingly by usin^' op t i ca l densi ty , (O.D. ) (by using 1;^  
t ransmit tance) (Mackinney, 1941 ) . 
Chi. a in fresh t i s sue = 1?.7 (O.D. 66^) -
?.69 (O.D. 635) X ^ 
100Xw 
Chi. b in fresh t i ssue = 2?.9 (O.D. 645) -
4.68 (0.D.663) x — | ^ 
Total chl. in fresh tissue 
= 20.2 (O.D.645) + 8.02 (O.D.663) x 
V 
100 X w 
Estimation of N and P 
For est imation of ni t rogen and phosphorus root and leaf 
samples wi l l be digested as given belov/. 
Digestion of root 
100 mg of oven dried root and leaf powder wi l l be 
t ransferred in 50 ral kjeldhal f lask, then 2 ml of chemically 
pure fi^ SO^ wi l l be added and flasks wi l l be heated on kjeldhal 
assembly for about 2 h t i l l the dense fumes has given off and 
the contents has turned black. Then 0.5 ml of pure 309^  ^'^p 
wil l be added a f t e r 15 min of cool ing. Now heating wi l l be 
done again t i l l the colour i s changed in to l i g h t yellow. I t 
w i l l be heated again for ha l f an hour and a f t e r which flask wi l l 
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be cooled for 10 mln. for ge t t ing ex t rac t c l e a r . Then 3-A drops 
of 309^  ^^2 ^^ •^ •'- ®^ added drop wise followed by h(?ating for 
15 mln. After tha t digested mater ia l wi l l be t ransferred in 
100 ml volumetric flask with 3-h washing and the volume wi l l be 
made upto capac i ty . This digested material wi l l be used for 
es t imat ing N and present in the roots (Linder, ']9hU; 
Lundegardh, 1951). 
Nitrogen 
Prior to est imating N content pi^esent in the digested 
mater ia l of root and leaf standard cui-ve wi l l be drav/n by the 
following procedure. 
0,236 g of ammonium sulphate wi l l be dissolved in 100 nil 
of so lu t ion , then 0 . 1 , 0.2, 0 .3 , 0.4, 0 .5 , 0 .6, 0 .7 , 0 .8 , 0.9 and 
1.0 ml solut ion wi l l be poured in 10 t e s t tubes respec t ive ly . 
The voltime wi l l then be made upto 5 ml in each t e s t tube by 
adding d i s t i l l e d water. A control wi l l a lso be run side by s i d e . 
After, that 0,5 ml Nessler's reagent wil l be added followed by 
5 ml of d i s t i l l e d water. The % t ransmittance wi l l be read a t 
525 nm from spectrophotometer on developing yellow orange 
colour a f t e r half an hour. Then a curve wi l l be drawn on 
graph between concentrat ion and O.D. 
Estimation 
10 ml of a l iquo t (digested root mate r ia l ) wi l l be taken 
in 100 ml volumetric flask and 2 ml, 2,5N NaOH wi l l be added 
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to neut ra l ize the excess amount of acid p resen t . 1 ml of 10:?^  
sodium s i l i c a t e wil l a lso be adtied to prevent t u r b i d i t y . Then 
volume wi l l be made upto capaci ty . 5 ml of a l i quo t wi l l be 
taken in three t e s t tubes followed by addi t ion of 0.5 ml of 
Ness ler ' s reagent with shaking, then 10 ml volume wi l l be made 
by d i s t i l l e d v/ater. After waiting for 5 min the % tr^nsmittance 
wi l l be read a t 525 nm. Then the O.D. wi l l help in reading the 
concentration from the standard curve (Linder, ^^kU). 
Phosphorus 
At f i r s t a standard curve wi l l be prepared. Different 
concentrat ions of KI^ PO/^  so lu t ion ranging from 0.1 to 1 ml 
wi l l be taken in 10 separate t e s t tubes and the volume of each 
t e s t tube wi l l be maintained upto 5 ml. Then 1 ml ammonium 
molybdic acid and 0,4 ml of 1 amino-2-nepthol-4 sulphonic acid 
in each t e s t tube wi l l be added followed by making t!ie volume 
upto 10 ml with d i s t i l l e d water. After half an hour Yo t r a n s -
mittance wi l l be read a t 525 nm. Then standard curve wi l l be 
drawn between concentrat ion and O.D. 
Estimation 
5 ml of a l iquo t (digested root ) wi l l be taken in three 
t e s t tubes, to which 5 ml of d i s t i l l e d \^ reite^ wi l l be added 
After tha t 1 ml of ammonium molybdic acid wi l l be added,with 
shaking, followed by addi t ion of 0.2 ml 1-amino-?-nephthol 
A-sulphonic ac id . The control w i l l also run side by s ide . 
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Percentage transmittance wi l l be read a t 6?5 nra a f t e r half an 
hour. Concentration wil l be read from standard f:;rni^ h by using 
O.D. (Fiske and Row, 1925). 
Estimation of Proteins 
The prote in contents of the seeds wi l l be estimated by-
using the method given by Lowry e_t a l . , (1951 )» 
Fbllowlng reagents wi l l be prepared for est imating soluble 
and insoluble contents of the seeds. 
Reagent k - 2% sodium carbonate in 0.1N NaOH in i ^ t i o 
of 1:1 
Reagent B - 0,5?^ CuSO^ in 1% sodium t a r t e r a t e in r a t i o 
of 1:2 
Reagent C - 50 ml reagent A + 1 ml reagent B, 
(Alkaline 
CuSO^) 
Reagent D - 50 ml of 21^ sodium carbonate + 1 ml reagent B 
(Carbonate 
CuSO^ s o l u t i o n i 
Reagent E - Fbll ins reagent di luted to make IN acid 
(Diluted 
Fbll ins 
reagent) 
Ftoot-nodule bac te r ia 
To assess the impact on root nodulation, number of t o t a l , 
functional and non-functional root-nodules per p lan t present 
in the samples col lec ted from the glasshouse experiments wi l l 
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be counted. The pinkish healtfiy nodules wil l be taken ao 
flinctlonal and others as non-functional . 
I so la t ion of Rhizobium 
After washing root in running water, a well formed 
J-healthy pinkish nodule on the tap root wi l l be careful ly cut 
out with a port ion of root attached to the nodule. The nodule 
wi l l be surface s t e r i l i z e d for 5 minutes in 0.1?^ mercuric 
chloride in water and repeatedly v/ashed with s t e r i l e water to 
remove the chemical. The nodule v.'ill then be washed in 70% 
e thyl alcohol for 3 minutes followed by more washing with 
s t e r i l e water (Ash and Allen 1 9 ^ ) . The nodule wi l l be now 
crushed with s t e r i l e giassrod in a small a l iquo t of s t e r i l e 
water. This wi l l be further d i lu ted for obtaining c l ea r and 
d i s t i n c t colonies , Congo red yeas t - ex t r ac t mannitol agar 
medium (GRYMA) wi l l be used for i s o l a t i o n . The cons t i tuen ts 
of the medium are as follows: 
M a n n i t o l 
K^HPO^ 
MgS0^.7H20 
NaCl 
Y e a s t e x t r a c t 
Agar Agar 
Congo red 
D. Water 
1 0 , 0 
0 , 5 
0 . 2 
0 . 1 
1.0 
2 0 . 0 
2 . 5 
1000 
g 
g 
g 
g 
g 
g 
ml of ^% s o l u t i o n 
ml 
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1 ml of the d i lu t i on wi l l be added each p e t r i p l a t e 
containing 15 ml of CRYNA medium. The p e t r i p l a t e s wi l l be 
Incubated a t 30°C {^) for one week. Dis t inc t white, 
t rans lucent , g l i s t en ing , elevated colonies of Rhizobium 
developing on the media wi l l be picked up and pur i f ied by 
r ecu l tu r ing . 
Plant testing: methods (Rao, 1973) 
The a b i l i t y of a p a r t i c u l a r i so la t e to produce nodules 
on a simple host legume wi l l be determined because va r i a t ion 
are found in s t r a i n s of Rhizobium. Similarly i t i s also 
e s s e n t i a l to know i f the nodules possess e f f i c i e n t nitrogen 
fixing a b i l i t y . This wil l be ascertained by growing plants on 
agar s l an t s containing nitrogen free mediimi and inoculat ing 
them with the desired i s o l a t e . At regular intei^vais, seedlings 
wi l l be fixed in h% fonnalin and be examined l a t e r under a 
microscope for infect ion threads in roo t -ha i r s and emergence 
of nodule primordia on r o o t s . Depending on the extent of 
infec t ion , i s o l a t e s may be rated for v i ru lence . 
.>In another se t , the experiment wi l l be continued for 
several weeks for obtaining the effect iveness of Rhizobium 
i s o l a t e by examining the dry weightof the p l a n t s . The dry 
weight of p lant i s proport ional to i t s N-content (lirdman and 
Keans, 1952), During the experiment the moisture content of 
the cul ture tube wi l l be checked a t the regular in te rva l s and 
the nu t r i en t so lu t ion may be changed when would be necessary. 
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Ni t rogen free n u t r i e n t media (Jensen, 194?), 
CaHPO^ 
l^IIPO^ 
MgS0^.7H20 
NaCl 
FfeCl^ 
Agar Agar 
D i s t i l l e d w a t e r 
pH 
JFlire c u l t u r e o f Rhizobium 
1.0 g 
0 .2 g 
0 .2 g 
0 .2 g 
0 .1 g 
8 . 0 g 
1000 ml 
6 . 8 
Normally y e a s t e x t r a c t manni to l aga r (YMA) i s used fo r 
pure c u l t u r l n g of Rhizobium (Fred e_t a_l.. 1932) . 
Rothamsted c o l l e c t i o n of Rhizobium (RCR) have modified 
i t s l i g h t l y . The composi t ions of YT'IA i s as 
^ 2 ^ 4 
MgSO ^ .71120 
NaCl 
M a n n i t o l 
Y e a s t e x t r a c 
Agar Agar 
D i s t i l l e d wa 
pH 
;t 
t e r 
0 . 5 g 
0 . 2 g 
0 . 1 g 
1 0 . 0 g 
0 . 4 c 
1 5 . 0 g 
1000 ml 
6 . 8 - 7 . 0 
The medium w i l l be au toc laved a t 15 I b . p . s . i . (121°C) 
for 20 m i n u t e s . Then the medium w i l l be poured in s t e r i l e 
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p e t r i p l a t e s . After s o l i d i f i c a t i o n of the medium, the tested 
Rhizobium i s o l a t e wi l l be inoculated in the p la te s in asep t ic 
condi t ion. After inoculat ion the p e t r i p l a t e s wi l l be kept a t 
30°C i^) in an incubator. The colonies wi l l gix>w in about 
seven days. The cul ture can a lso be done in cul ture tubes 
containing YMA s l a n t . 
Soil based cul ture 
For inoculat ion in the glasshouse experiments, the s o i l 
based cul ture of Rhizobium wil l be used for seed dressing p r io r 
to sowing. 
For cu l tur ing Flloizobium in s o i l , the s o i l and compost in 
the r a t i o 1:1 wi l l be used. 1 kg of s o i l compost mixture wi l l 
be autoclaved and the pH wil l be maintained a t 7 by mixing 
10 gm of CaCO,. After tha t 10 gm sugar (commercial) and 0.5 gm 
KpHPO, wi l l be added in s o i l compost mixture. 
Then pure cul ture of Rhizobium on YMA wi l l be mixed 
thoroughly. This mixture of Rliizobium and s o i l compost wi l l 
be used for inoculat ing the seeds of the p lan ts for experiments 
sowing. 
Fthlzobium Inoculat ion 
Rhizobium inoculat ion wi l l be done p r io r to seed sowing. 
For inoculat ion s o i l baued culLuiv of Rhlzobjuiii wI.H be used. 
Commercial sugar and water wi l l be added in the s o i l based 
cul ture with thorough mixing. The seeds wi l l be t rea ted with 
t h i s mixture followed by the drj-'ing in shade for about half an 
hour before sowing. 
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